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PRINTING PRESS AND METHOD 

Background of the Invention 



This invention relates to printing presses, particularly to web presses, and has special applicability to a 
special form of web press which is known as a forms press, used to manufacture printed business forms 

5 which combine unique printed material with various physical attributes. These include cross-perforations 
which delineate successive forms that are connected and zig-zag folded, line feeding perforations which are 
usually marginal, other perforations to define separable segments of the forms, and successive numbering 
of the individual forms. A typical forms press of this type is described in US Patent No. 4,177,730; current 
models of such a press include provisions for changing the size of the printing and processing cylinders of 

70 such a press. 

Business forms are rapidly increasing in use. particularly single-part forms, and the demand is 
extending into so-called short run forms, where a customer may only order a relatively small quantity, for 
example 5,000 to 10,000 forms. The makeready of the press, particularly of the offset printing units or 
towers, occupies a greater percentage of the total run time in shorter runs. In order to control costs, keep 
75 prices reasonable, and still meet the demand for these relatively smaller orders of business forms, the 
forms manufacturing industry needs a forms press which requires a minimum of makeready, can operate at 
different speeds (which may vary considerably) up to a reasonably fast printing speed (e.g. 500 ft./min), 
preferably can make changes in the printed material of the form without time consuming shut-down and 
makeready, and which has the capability of providing a wide variety of forms. 
20 Various attempts have been made to adapt laser printing systems to the printing of variable information 
on pre-printed webs. Those systems utilize powder developers, which are quite expensive when their 
particle size is reduced to increase resolution to that comparable to other types of printing such as 
lithography. Furthermore, such particle size reduction makes powder toners even more difficult to handle, 
and increases the already present serious problems of pollution control as part of handling such powder 
. 25 developers. Equipment maintenance is also a potential problem with powder toner systems, because the 
attendant "powder cloud" permeates the equipment and its ambience, and tends to deposit on surfaces 
such as corona wires, lenses, belts, etc. where such deposit adversely affect operation, beyond being a 
clean-up nuisance. 

Relatively sophisticated copy machines have been developed, using powder toner, and while a few of 
30 these have capability of printing on web material those units are essentially a variation of similar sheet fed 
copiers. They all have operating speeds in the eighty-five to one hundred copy/minute range, and this 
speed is fixed. Their exposure and development systems will not tolerate variation in speed. Such prior art 
copiers, by their very nature, are also sensitive to characteristics of the copy material, e.g the sheet on 
which the copy is made. In general, those copiers have difficulty making good reproductions on certain 
35 coated papers, or on pressure sensitive paper with encapsulated dyes, or on sheets of variable thickness as 
where a blank label is already adhered to the sheet. 

Summary of the Invention 



40 The present invention provides a novel electrostatic printing engine, a unique web press using one or 
more of these printing engines, and a forms press combining one or more such printing engines^ with a 
processing section to achieve manufacturing of successive runs of different business forms with signifi- 
cantly reduced makeready time between the runs. Under some circumstances the press of the invention 
can proceed from one run to another without stopping the press, and in fact without any reduction in speed 

45 of the press, provided the basic operations of the press remain constant. 

While the principal novelty of this press resides in unique features of its printing engine (or engines), 
the combination of these with the processing section results in a synergistic effect that has resulted in a 
vastly improved and more efficient press for business forms and other applications which require printing 
information from a data base which changes periodically, and/or printing of job runs where information 

so changes from job to job, and/or printing of forms or copies wherein information changes from one form to 
the next, or one page to the next. This unique press also has capability to combine digital image 
information from two different sources (e.g. memories) into composite digital image data which is then used 
to drive a single imaging system. 

Such a press, according to the invention, employs 
(a) digital electronic image creation, generation, and merging; 
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(b) electrophotographic printing, e .q electrostatic nrintinn ^ : 

development; electrostatic printing of .mages us»ng liquid toner for image 

(c) the type and versatility of web handling associated with forms presses or the like* 

mus , te „, „„i, om le „ gth r,uZz*r "* p ' im ' n9 wte,ein ,he • a "° u! ^ 

updating), nd check printing a<xtu menl at,on prtnttng (where dpcumems need periodical 

» creation S~ SS^^^ i^i^Tr*? °' ^ ~ *~ 
images by electrophotographic methods develoZ IZl 9 9 «nformat,on, producing the resulting 
those images onto web ^^t^S^^ ^ ^ ^s^™ 9 ^ ^ 
invention may include performing process^ Zl T * k 9 techn,ques - Thus - as necessary, the 
continuous business forms which adapt them t ,^EJL?? T f^ 3 ' *° produce the featu «* * 

» forms and later separation during us of he SrS^^' ^ H0 

numerals and/or bar code is preferabK, IIZ h °" ° f successive numbering, by arable 

deve.oped as mentioned abov TTSS^^.T k * !? ' mi ° maXi0n recorded and 

units, such as one or more mwSS^^^T « assembl <* to include other types of printing 
wide variety of printing capabiS P 9 ^ fle *°* a ^ c P™ tin 9 "to, etc. so as to achieve a 

essentially equal to offset printing. Ima^el « created nt?'^ ™ reS ° ,U,i ° n aCCUraCy ' 
exposure system which is electronically ZLfrL!fI V?* F"*" 9 eng ' ne by a di 9 i,al do, -' ma 9e 
to produce successive UenS^^^Z^Z T T * ™ ed ' 3 paQe at a 
30 the printing engine so as to orint Trial ZT? 7' C3 " a ' S ° be modified without slowi "9 of 

run" to an entirely " ^ ° r t0 SWitCh " 0n tne 

immediate running of the different related I Tar£ T ^ inpUt ° f the printin 9 en 9 ine also allows 

customizing of standard form cla«nn of nt , ^ mergin9 of form "formation, rapid 

equ,pment 9 and S^SZ^T^Z ^ T° ^ ^ e,eCtr0niC diQitizina a " d editing 
■ and re-run upon short^manT 9 * ^ * CUSf ° mer ' S f ° rmS which can be **** recalled 

The unique printing engine utilizes a drum havino a-Ws^o nhnln 
surface as the active surface on which devetor^ ^2^32? . Ph ° ,0recep,0r " e * a Pnotoconductive 
arrangement by which these images are ^transfeS fT,T ? ^ C ' eated ' and an offsettin 9 
The drum is rotatab.y driven xT^ZV* ? material ' m ° St COmmon, y a P a P er w ^b 

0 intensity charging. eUng-dls^ ^ fea^o tstem^ ^ ^ 
discharged, cleared of residual toner Jh hi , cleaning systems assure the drum surface is 
surfaced revolut- n^ch^ — ^ its pnotoconductive 

exte^d^t?, TZ^^Z 'ZL'toTT ^ intenS '" ty LE ° a ^ « to 

1 of the passing drum surface to w?thinTranqe ol suSZll ? 9 * ^ baCk ^ nd or ™™*9e areas 
exposing individua. dot areas to I^^ITTT. P ° tential ' e 9 ' 1 °° l ° 3 °° V °' tS DC - * 
size in the order of 0.0033 inch ^Zl^Zl Z r! '^ Me ™»- and in area 
electrostatic image of the printed oXs HTform ThT'sTz? oT ZT tT™ 3 ,a,ent 
acceptably high resolution image for forms printino andTn fl^.hl , I ° ,S ° r P ' Xe ' S provides an 
.ithographic offset printing. So.irf coverage f£gfi£ Tl2Z " l ° ^ qU3 ' i,y 

P«2i^^^ - a Sched "'- Centre, Unit (SCU). a Raster Image 

LED a^y/The'con^^^ 3 Data ,nteda ^ Unit (DIU). and the nove. 

SCU synchronizes all print data 0 Z nTol 'TT 9 ^ " aCCOm P ,ished thrau 9h the SCU. The 
data from a host computer and cootZ al", ' '"l 39 '" 9 reS ° UrCeS ,ha ' are re 9 u * r ed. channels text 

(RIP) is basically a form oi a com«I 11m f ° U9h *" SyStem ' The faS,er ima9e P rocessor 

ASCI, character codes. «d ^LT foL't 9ener3t ° r - " 3CC6p,S inf ° rmation ' such as 

based on the font(s) selected P -nformafon for generating such characters in a dot pattern. 
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The DIU contains all the storage and location circuitry required for storing text and baseforms in 
rasterized bit-map format. Pairs of DIU memory sections cooperate with each other to provide bit-mapped 
fixed (e.g. base form) and bit-mapped variable image data. In use, one pair of memory sections is scanned 
to output data to registers at the LED array, while the other pair is loaded with data. Thus enough memory 
5 is available in each DIU for both base form and variable information for two images. The SCU controls the 
input and output of data to and from the DIUs, and transfers pixel initiating data to the LED array, line-by- 
line . 

The LED array is divided into twenty four modules of 256 LEDs each, together with latching shift 
register circuits, comparator circuits, and driver circuits for each LED, as is generally known in the prior art. 
io A set of EPROMs receives data clocked into them from the DIU. This data may be termed "pixel initiating" 
or writing data, since it determines whether a pixel is or is not printed at a given location, e.g. this data 
determines whether or not any specific LED is to be driven in exposing a line of pixel areas by driving the 
array. 

A bank of EPROMS provide a memory storing compensation information (in a typical embodiment four- 

75 bit codes) which determines modification of LED on-time to compensate for non-uniform light emissions 
from different ones of the LEDs. Data is clocked simultaneously into the EPROMS from the DIU via data 
lines which extend to the respective EPROMS. Thus pixel writing data is transferred in parallel to the 
EPROMS. A system clock controls loading data from a DIU into the memory which passes on compensated 
pixel driving data distributed serially into individual latch/registers. Thus, data is loaded simultaneously 

20 through the EPROMs and to the latch register set for each module, but sequentially into the latch/registers, 
and the loading time is that for only one module. 

A driver circuit for each LED applies power to the LED for generating a small light beam onto the drum 
surface at a given pixel location. Each driver circuit is in turn controlled by a comparator circuit which 
distributes the compensated driving data from the latch/registers to the correct LED driver circuit. 

25 Each EPROM uses an on-off writing signal from the DIU as an address line into the EPROM. An "off" 
signal will result in a four-bit zero code, while an "on" signal will result in a four-bit compensation value to 
the register/latch circuit in the appropriate module. 

The writing data from the DIU memory is clocked into the EPROM circuits and thence to the 
latch/registers under control of the SCU at a rate which is greater than the fastest usage of the data to 

30 refresh the state of the LED drivers for each line. Utilization of the LED driving data will, however, be at a 
variable rate depending upon web and drum speed. Thus, data is fed to the LED array from the DIU at a 
high rate, compensation data is added, and the resultant driving data is fed to the latch/registers at the 
module inputs at this high rate. This driving data is distributed to the individual driver circuits, at a lower rate 
which varies dependent upon web and drum speed. The driver circuits are also compensated to increase 

35 the driving current of all of them as higher printing speeds are called for. 

An encoder pulse generator is driven with the photoreceptor drum and provides outputs equal to one- 
eighth of a pixel height, i.e. eight pulses per pixel. That output divided by eight is the source of a latch 
pulse train, each latch pulse coinciding with the top border of a line of square pixel areas across the 
photoreceptor surface. Due to the variable speed capability of the apparatus, the duration between 

40 successive latch pulses will vary considerably, in a range of at least three to one, as web/drum speed is 
changed. 

The SCU receives the divided PG outputs, divides the time between leading edges of successive latch 
pulses by sixty-four, and generates a time base count which equals 1/64th of the latch/reset interval. This 
represents the maximum time, at a chosen drum and web speed, during which an LED can be driven. This 

45 timebase information is sent to the time base drivers and also to the latch-reset drivers which cause the 
module shift registers to output data to each comparator. This time between latch pulses in effect 
represents a time interval or window during which the LEDs may be driven, depending. upon the state of the 
pixel initiating data bits (on or off). The comparative data stored in the EPROMs is also latched into the 
comparator circuits as part of the LED driving instructions, and this determines at which one of the timebase 

so counts the drivers will be effective to apply power to their corresponding LEDs. 

The latent image then is carried, as the drum rotates, past a developing station wherein it is subjected 
to the action of a special high speed liquid toner developer, thus forming a developed or visible image with 
merged liquid toner particles, which image is thence transferred and fixed to the paper web or other 
material. The developer is a special proprietary combination of small particle size toner dispersed in a 

55 carrier liquid. The liquid developer supply system constantly recirculates developer through a specially 
constructed shoe, which is closely fitted to the moving drum surface, for example at a spacing of about 500 
microns (0.020 inch). 

The developer is monitored and refreshed as needed to maintain a predetermined concentration of 
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toner particles in volatile carrier liquid, at a neaative champ nf fin t« 7* u / 

V) which causes innpr narti^ioo , • . ' and the dev e'oper electrode ( + 200 to 600 

10 the rtS^TS^^SL^ T ate { ° d6Vel0Per Sh ° e in th0se areas - ^pressed another way 

web with the toner deposL hi eon an^ to sc^Vl^ * V ° ,a,i ' e ^ ^ C8rr,ed by the 
migrated into the background arl ° th ? t SCaven9 * away loose toner Particles which might have 

■ +200 to 600 V^SSZ^^^S ,0 ' 3 biaS P ° tentia ' ^ ° rder ° f 

con^.^^^ idler '*» — tha «* m— *» 

corotron »o which is applied a vo °a ge of ! 6600 to 8000 7£ ? k ^ * "* '° Ca,i ° n " 3 ^ 

It should be noted that rW to tho material is the composite image fused to the web. 

time" exposure b t LED arr ys th^e oTLTh " °1 T Ph0t0rece P ,or surtac ^ «" the "<ine at a 

ssstSS SSESS^sss 

rv^r^- . muior anve via a line shaft and approonate aear drives 

y h iy ui a lorms press. Thus any printing engine using electrostatic 
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imaging and development must be able to accommodate such speed changes without complex adjustments 
of exposure and development duration and timing, while maintaining quality of the printed images. To 
simplify this task, the main drive motor is provided with a controller which includes an electronic processor 
programmed to operate the press through start-up and shut-down phases, and to control speed of the drive 

5 motor (and thus press speed) while providing control signals associated with various selected speeds to the 
different sections of the press. 

Upon exiting the processing section, the web can be handled in different ways, as may be desired. For 
example the web may be rewound on a mandrel if it is to become one of several parts of a multi-part form, 
zig-zag folded for use in continuous printers or other equipment for using the forms, or separated into 

70 individual form sheets. It is also possible to plow fold and cross fold the web material to form multi-page 
signatures, as for printing magazines or books. 

Accordingly, the primary object of this invention is to provide a press, and a process of printing a 
combination of fixed and variable data on such press, wherein printed images being manufactured are 
created by direct digital driving of an imaging device at normal press speed, optionally followed directly by 

75 one or more processing operations in the case of business forms or the like, as required for a particular job; 
to provide a printing press and process in which the content or arrangement of the printed images can be 
changed without stopping the press; to provide a press and process with an electrostatic printing engine 
having a direct digital imaging system which can create latent electrostatic images at normal press speeds, 
including the ability to accommodate substantial speed variations; to provide an electronic imaging system 

20 in which fixed (or base) image data and variable image data are combined electronically to drive a single 
exposure system; to provide a press and process wherein the latent image is developed using a high 
resolution liquid toner, and the resultant visible image is transferred and fixed to the material of the forms, 
such as a continuous paper web; to provide such a press and process in which makeready time between 
successive forms printing jobs can be significantly reduced, as by at least one order of magnitude; to 

25 provide such a press in which the drum, on which the electrostatic image is formed and developed, is also 
cleaned and thoroughly dried each revolution so as not to interfere with the next charging of the drum; to 
provide a novel system including a fuser/dryer apparatus in which the carrier liquid is vaporized from the 
drum and treated through a catalytic converter to control emissions from the press; to provide such a 
fuser/dryer arrangement wherein heat from the catalytic treatment of the volatile carrier liquid is utilized as a 

30 heat source for raising the temperature of air used in the fuser/dryer, thus providing a recuperative system. 

Other objects and advantages of the invention will be apparent from the following description, the 
accompanying drawings and the appended claims. 

Brief Description of the Drawings 
35 Figs. 1 A and IB together are a schematic side elevation showing the overall layout of the components of 
the novel forms press provided by the invention; 
Fig. 1C is a schematic diagram of the fuser-dryer gas circuits; 

Fig. 1D shows optional additional components, of standard construction, which may be added to the 
press shown in Figs 1A and IB; 
40 Fig. 2 is an enlarged schematic side elevation view illustrating the components of the printing engine of 
the press and their cooperative relationship; 

Fig. 2A is a schematic view showing the contact band of the web to the printing engine cylinder; 
Fig. 3 is a systems diagram illustrating the relationship of one printing engine to the liquid developer 
supply system and various electronic signals supplied to the printing engine; 
45 Fig. 4 is a block diagram of the digital imaging system architecture for driving the printing engines; 

Fig. 5 is a diagram of the scheduler/controller unit (SCU) which is the principal controlling unit of the 
imaging system hardware shown in Fig. 4, including the SOU'S information exchange with a host 
computer; 

Fig. 6 is a diagram of the data interface units (DIU) and associated memory planes for driving the digital 
50 LED exposure arrays; 

Fig. 7 is a block diagram of the parallel data and timing inputs to the various modules which make up the 
array; 

Figs. 8 and 9 are, taken together, a circuit diagram of the power, data, and timing inputs to one module 
of the array; a small portion of each figure is a duplication of the other where they adjoin, to aid in 
55 viewing them together; 

Fig. 10 is a block diagram of the circuits of one module, illustrating the manner in which data is handled 
to drive each LED in the array; and 
Fig. 11 is a timing chart. 

c 
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Fig. 12 is a diagram illustrating programming codes format- and 

Fig^lS is a view showing a typical forms printing job, namely a numbered bank check which ran ho 
produced expeditiously by the press of this invention. 8n be 

Description of the Preferred Embodiment 



Press Construction 
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w P h milt w , 6 ° Ver " a " or 9 an,2ation of a ^Pical press constructed according to the invention 

Web matenal W (e.g. paper) is supplied from a roll 10 thereof mounted in the unwind section ip JES , 
,o incorporates conventional infeed control apparatus 14 for supp.ying th 7 neb^JT^lto T 

d P e e sS r t ed C °r ied ,enSi ° n - A f0m °' in,eed ™™ " ^scWd in Ss Sen N f 3 592 133 " 
thro oh 1 h be P " SSed " rSt thr ° U9h 3 Pair of °P ,ional <*■*« towers 17 and 18 (see Fio 1C 

' pJTnoTiI? ™Tr*« re ' he : ari0l,S SeC,i0 " S - M 15 " re " k "~" and sh °"" '» ^ US 

parent nu. 4.177.730. thus there are gear boxes 38 transferring rotary newer from a line shaft « t 

£ oZ • COn " 0 " e, 45 " eC,,onic I » ocesso ' » hi * »= P'og-amnned to oee a e 

the press through start-up and shutdown phases, end to control speed of motor 42 (and nJSsa^n 

whtie proving control signals associated with various selected speeds to the dWerent Lt ™. 7? 

^eC^er con,r * r is me Genera ' m ° dc - » -rreix— 

Electrostatic Printing Engine 

Referring particularly to Fig. 2. the unique printing engine (PE1 or PE2) utilizes a rotatabl* drum *n 
driven by line shaft 40 through one of the section gea? boxes, and having an ^e p^ZVZa^ 
fLZ , e ?'° P ! d electrostatic ima 9es are created, and an offsetting arrangeSS^SZ^ 

rin? 51 A whTch ^ h° *" ^ mater, ' aL At ed9eS ° f «™ Surface 51 « annul bear^ bands or 
nms 51 A wh.ch may be conven.ently formed as anodized circumferential bands about the edoes of an 

Special systems are arranged sequentially around drum 50. as shown in Fig 2 to accomoii.h th* 
desired formation and transfer of images onto web W. These systems include a high Lnsity c am no 
apparatus 52 exposing-discharging (or imaging) apparatus 54. developing apparatus 55 S^^S 

mate ial! TlXT^ ^ ^ ^ ^ h ^^geTcleared ofVeJd a de've ope 

whi 'h , . - electrostatic charge applied to its photoconductive surface each revolution 

while the developed .mages are continually transferred to web material w. Details of these systems S 

SnSJST?' pat r applications - but ,he systems are described »** TJ^JSS7<£ 
Z ZSSSSZT press con,i9uration where dimension are stated ^ are — 

V T^tr^T ° har f iS in 016 ° rder °' 3t leaSt + 1000 Volts DC - drably between + 1000 and + 1450 

IZwZ 60 U9 TZ Char9in9 ° f drum "surface at ieast five cor tro 

charg.ng wires 60. impressed w.th a potential in the order of +5600 to +6800 V are mounted in 
appropriately shaped shie.d member 62 which is divided into separate focusing chambers 64 on t each 
corona d.scharge wire 50. This assembly extends across the drum surface 51 and atong an a^dosel 
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parallel to surface 51. Using a drum having a thirty-three inch circumference (thus 10.504 inch diameter) the 
arcuate length of the charging unit is about 4.5 inches or somewhat greater than one eighth of the drum 
circumference. 

Counterclockwise around the drum (as viewed in Fig. 2) there is a charge potential sensor 65 which 
5 senses the voltage at the surface 51 and provides a continuous feedback signal to the charging power 
supply 67, thereby adjusting the charge level of the photoconductor surface 51 regardless of variations due, 
for example, to irregularities in the power supply or changes in the peripheral velocity of drum 50. 

The digital imaging device 54, in the form of a relatively high intensity LED double row array 70, is 
mounted to extend transversely of the rotating drum surface 51. Each LED is individually driven from a 

70 corresponding driver amplifier circuit (see Fig. 3; later described) and emits light in the range of 655 to 685 
nm., through a self focusing lens (not shown) onto the drum surface 51 in a dot or pixel size of 0.0033 inch 
diameter. In one successful embodiment there are a total of 6144 LEDs in the array, divided between two 
rows which are spaced apart in a direction along the circumference of the surface by 0.010 inch, and all 
fixed to a liquid cooled base block 74, with the lens assembly attached to the front of the array. The space 

75 between adjacent LEDs in the same row is 0.0033 inch horizontally, or transverse to the drum surface, and 
the LED arrays in the two rows are offset horizontally by the same dimension, thus by delaying the driving 
of the second row, the LEDS can cooperate to discharge selected one of a continuous series of adjacent 
dot areas or pixels across drum surface 51 at a resolution of 300 dots/inch. 

Light from the LEDs operates to discharge the background or non-image areas of the passing drum 

20 surface to a substantially lower potential, for example in the order of +100 to +300 V. DC, by exposing 
individual dot or pixel areas to radiation at a predetermined frequency, as mentioned, whereby the 
remaining or image areas(s) comprise a latent electrostatic image of the printed portions of the form. The 
size of these dots provides an acceptably high resolution (300 dots per inch) image, comparable to good 
quality lithographic offset printing. This discharging of small drum surface areas, on a digital basis, is 

25 accomplished within small tolerances over a range of web speeds from 100 to 300 feet/minute. 

The imaging device 54 is supported by attachment at its opposite ends to a plate-like spring 75 which 
is in turn fixed to the movable part of a dovetail slide 76 above and parallel to drum surface 51 . At the sides 
of array 70 are electrically insulating follower strips 77 which are urged to ride against the bearer bands 
51 A. This arrangement maintains proper spacing of the imaging device to the photoconductive surface 51 

30 and accommodates any out-of-round condition of the drum, its surface, or its rotating support. A micrometer 
type adjuster 78 acts on slide 76 to adjust side register of the array 70 to the drum 50. Also, a cam 79 can 
act against a bracket extension of the array to move the array 70 away from drum surface 51 against the 
force of spring 75. 

The latent electrostatic image then is carried, as the drum rotates, past developing station 55 where it is 
35 subjected to the action of a special high speed liquid toner developer, thus forming a developed or visible 
image with merged toner particles, which image is thence transferred and fixed to the paper web or other 
material. The developer is a special proprietary combination of small particle size toner, having nominal 
sizes of 1 to 10 microns (0.00004 to 0.0004 inch) in width, dispersed in a suitable volatile carrier liquid such 
as Isopar, and combined with a charge agent which maintains a negative charge on the toner particles in 
40 the range of 60 to 75 picamhos/cm. The developing station 55 comprises a shoe member 80 (which also 
functions as a developer electrode) which is electrically isolated from drum 50, and extends across drum 
surface 51. 

The face of shoe member 80 is curved to conform to a section of drum surface 51 , and has a length, 
along the arcuate face, of about seven inches (about one quarter of the drum circumference), and is closely 

45 fitted to the moving drum surface, for example at a spacing of about 500 microns (0.020 inch). The shoe is 
pivotally connected at its opposite side to control levers 82 which are urged to move shoe 80 toward drum 
surface 51. Electrically insulating rollers or wheels 83 on the side of the shoe ride against the drum end 
surfaces 51 A to maintain the desired close spacing of the shoe to the drum. 

Referring to Fig. 3, the developer is monitored and refreshed as needed to maintain a predetermined 

so concentration of toner particles in volatile carrier liquid at the desired negative charge. A supply of carrier 
liquid is contained in tank 84, and a supply of toner concentrate (with a high percentage of toner particles) 
is contained in tank 85. A main supply and recirculation tank 86 is connected via pump 87 to shoe 80 and a 
return line 88 leads back from a catch pan 89 (under shoe 80) to tank 86. When trie toner concentration of 
the developer in tank 86 falls below a predetermined minimum, concentrate is added from tank 85 and 

55 mixed into the recirculated liquid developer. If the concentration becomes too high, carrier liquid is added 
from tank 84. Conductivity is measured in tank 86, and a suitable charge director is added to maintain 
conductivity, since conductivity is decreased during operation by using up the charge director in the 
application of developer to the latent image. 
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a) between the image areas (+ 1000 to 1450 V) and the developer electrode , + ?nn m Rnn m „• u 
cause the toner particles to deposit on the images areas and ( °° V) ' Wh ' Ch 

b) between the background areas (+ 100 to 300 V) and the developer electrode t + 200 to Rnn v\ wh- h 
causes toner particles to migrate to the developer shoe in those areas >' 

As the drum surface passes from the developer shoe (see Fin ?\ * ro„ Q «^ * *■ 
driven bv a motor (Fin *\ an H * n . 9 * averse rotating metering roll 90, 

umvch uy d motor yi (hig. 3), and spaced parallel to the drum surface rhv *hn..t ^ 7 C • , u 

5 nvJS ? Sh ,° WS ^ nSfer aPParatUS 56 33 inc,udin 9 3 P air of idl ^ rollers 93 which guide web W onto the 
o clock location of drum 50. and behind the web at this location is a transfer corotron 95 tLZT 1 



35 



40 



45 



shield srT, T? C ° r0tr0n Shie ' d 95B ' 3nd the ,ocation of the ■* * 'he tungsten wire 95A in 

™" s£e oi web w Tit? *? " SPray " 98 fr ° m the COrotron onto <" e comact band on the 

7*'* W - ™ e transfer coro,ron 95 has applied to it a voltage in the range of + 6600 to + 6000 

0 2nn ZS th T b6tWeen ,he COr ° tr0n Wire 93 and the surfac * °f web W is in the order oOWto 
0.200 <nch. Th.s results in a transfer efficiency of at least 95%- e q at least 95-/ «f Z tZT I , 

tne drum surface 51 m the background areas. The web path continues into a fuser and dryer aooaratus (Fin 
1 A). wherem the carrier liquid is removed from the web materia, and the toner particle 7a e ZTZfl' 



so 



The foam roller 112 is of polyurethane open cell material fixed to a cower drivpn <h»H in 
rotated in the opposite direction to drum surface motion, as indicated b Z^Zs H g 2 stas to 



55 



A cleaning blade 115. comprising a longitudinally stiff, but flexible width-wise, polyurethane wioer blade 
,s moun ed w,th ,ts edge extending forward and into contact with surface 51. ju beyond oam roller n2 

^\i:zx^ e drum surface 51> since ,he photo ~ su ~ be ^ « 

from A |h S B e r; Prinlin9 e "9 ine PE2 - iden ' ical <° »*» just described, is arranged to receive the web materia, 
from the f.rst pnnt.ng engine, and produce other images on the web by e.ec.rophotographSly uLgXr 
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toner, as of a different color. Due to the digital electronic driving of the printing engines as explained 
hereinafter, registration of the successively printed images can be adjusted, if need be, on an almost 
instantaneous basis. Also, it is possible to superimpose a second developed image on the web W over the 
first image, before setting the first image. Thus, the web path proceeds from engine PE1 to engine PE2, but 
5 the web may be threaded through the turning bars 22 so as to reverse the "printed side" of the web and 
present the opposite side for printing in engine PE2. 

Fuser and Dryer 



io From the transfer apparatus of the second printing engine PE2, the web path leads into the fuser and 
dryer apparatus (Fig. 1A) comprising an enclosed housing 120 in which the web material is guided between 
arrays 122 of. hot air nozzles mounted on manifolds 124 and arranged transversely of the web path within 
housing 120, with the nozzles on opposite sides of the web being offset as shown in Fig. 1A. As shown, the 
web is guided downwardly along an inclined path thus providing greater residence time of the web in the 

T5 fuser-dryer for a given length thereof. 

The flow rate of hot air from the air nozzle arrays is such as to provide an air cushion or bearing for the 
web as it travels through the dryer. Again, this tends to minimize smearing and image distortion. Heated air 
at a temperature on the order of around 250° F is ejected at 5,000 to 10,000 ft/min. from the nozzles as the 
web passes at velocities in the range of from 100-300 ft./min. Thus the web is kept spaced away from the 

20 nozzle arrays and follows a somewhat sinuous path between them. 

The hot air performs two functions. First, it volatilizes the liquid carrier material that has been applied to 
the travelling web. Secondly, it heats the web causing the solids toner particles to fuse onto the desired 
place on the web. In a typical operation, this requires sufficient heat transfer to remove and vaporize carrier 
liquid at rates of about 850 grams/min. and higher. Volatiles and hot air in housing 120 are withdrawn 

25 through a filter by a downstream exhaust fan 125, and pass to heat exchanger 127. During startup and at 
other times when auxiliary heating is required, an electrical resistance heater 128 is operated to provide 
supplementary heat. 

Downstream of the heat exchanger, the volatiles and hot air enter catalytic converter 130 wherein, in 
conventional manner, the volatile organic materials are exothermically converted into carbon dioxide and 

30 water, and hot effluent exhaust air from converter 130 passes to recycle duct 132. A portion of the hot 
effluent air from the catalytic converter is diverted into bypass duct 133 and heat exchanger duct 134 to 
heat the vented volatiles-hot air from exhaust blower 125 prior to admission thereof into catalytic converter 
130. The portion of heated effluent from converter 124 diverted through the heat exchanger is then passes 
to exhaust port 132. A damper 136 is provided in bypass duct 133 to regulate back pressure in the system 

35 and to aid in regulating the amount of hot effluent air from the catalytic converter that is passed through 
heat exchanger 127. 

The portion of hot air from converter 130 which flows on through recirculator duct 132 is returned to the 
air manifolds 124 through a control damper 138, via a supply fan 140, and thence through equalizer 
dampers 142, 142A to supply hot air for the drying and fusing of toner. After the initial heat required for 
40 starting the process is provided by resistance heater 122, it can be turned off with heat supplied to the 
dryer being derived entirely of heated gases from catalytic converter 130. 

Fresh make-up air enters via duct 144, controlled by damper 145 to admit a regulated volume of fresh 
make-up air to the inlet of supply fan 140, downstream of damper 138. If desired, hot exhaust gases from 
housing 120 may optionally be drawn through filter 147 and control damper 148 to recycle exhaust air 
45 (including volatiles) to manifolds 124. 

The fuser-dryer apparatus thus is a recuperative system which effectively controls emissions from 
vaporization of the carrier liquid and recovers the resulting heat to further the fusing and drying process. 

The web material exiting the fuser-dryer (Fig. 1B) is guided around a rotating chill roll 150 in chill unit 
24, where the back side of the web material is kept in contact with the cooled roll 150 for a substantial part 
so of its periphery. This serves to reduce the temperature of the web material to approximately ambient 
temperature. The chill roll 150 is also driven from a gear box 38 (see Fig. 1B) and the rotational speed of 
the chill roll is controlled by a conventional speed adjuster 152, which in turn is governed from the main 
controller 45 (see Fig. 1A). This provides for a constant and positive tension in the web material progressing 
through the printing engines and the fuser-dryer apparatus. 

55 

Processing Section 



From chill roll 140 the web material is transported to processing section 25, the rotating elements of 

m 
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which are driven synchronously with the printing engine PE1 and PE2 via lin P «h*h An « * 
gear boxes 38. This section oravirips » t~*a*L i? ? shaft 40 and corresponding 

usually located a^S^S^J^ST^ Z f ?™ !°* cross -P erfora «ons. feed holes (which are 
special notching *J eacn Z^p^S^- ^ ££2? iST '' 0n - * T * ^ 
5 a form. Detai.s of such processing units are disclosed" US ^^ 4%^ V^™"* S6Cti ° n °' 
and m. punch units may include interchangeable cartridge-styled ^mechanisms Perf ° rati ° n 
tton f as is available in the Harris Graohir* add<\ ^ onanisms for variable size accommoda- 

Binder, . forms Pless fCT/JJS^ZC-^ ^ ^ "°™ ** **** 

overal, preas speed reus, be reduced to avoid IZ^^tLZZZTZ 0 ^^ 
We speed adluslmenl is left ,o (he judgment of the oress ooe™^ *Z Z 9 Pracessm 8 e "°' s - Wtice 
an press speed via ,he pregrammab* 9 c^m 'S rlZZ^ %£S?7S?°, T "* °" er - 
speed varialioo lo be a necessary capabilily of a forms press ThT L? " f * y w ' de ra " 9e 01 

rs imaging end development must be able to accomm^Th ™ h J P 9 en9 '" e u5ln9 etec "»»dSc 
o. exposure end devefopmen, deration ^S^"S^^^TT T" 
embodiment disclosed web speeds from ,00 ft./mi„. ,„ 300 ft JmTn ™S aTaiSle " ""^ ' he 

,s ac",^^ con "*' which is — * - • 

6200 V DC at 100 ft./min. 
25 6700 V DC at 300 ft./min. 

Voltage applied to charging corotrons 52 
5100 VDCat 100 ft/min. 
6400 V DC at 300 ft/min. 
Voltage applied to development shoe 80 
30 75 V DC at 100 ft/min. 
500 V DC at 300 ft/min. 
Voltage applied to reverse metering roll 90 
100 V DC at 100 ft./min. 
500 V DC at 300 ft/min. 
35 Power applied to all LEDs in array 70. 
7 V DC and 30 amp. at 100 ft/min. 
15 V DC and 65 amp. at 300 ft./min. 
Toner flow control valve 87A set to, 
5 galVmin. at 100 ft/min. 
40 9 gal./min. at 300 ft./min. 

and aoot^r 16 SP6edS f0re90in9 C ° ntr0!S f ° ,,0W 3 ^ ,ine - ia tion between the values for 100 
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45 



50 
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Upon exiting the processing section, the web can be handle in ri.Hor^* 

example the web may be rewound in a rewind secUon Yfiq Z ^ ™ y b * d6Sired - For 

If the completed web product from this apparatus is intended to „«h .. • 
output of some forms preparation equipment.^ the web m eria. W ^£gZ "fXTTT 

a conventional folder apparatus 34 at the press delivery section m « Th I 9 V attach,n 9 

folders are disclosed in US Patents No. 3.980.291 and I No 3^ 2 252 ^ ^ F ° rmS ° f 2i9 " Za9 

Should it be desired to separate the printed material on wph w * 

*ee,e, and batob deiivery 30. o, convent, <^ « ' 
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Image Information System 

Fig. 4 illustrates the general organization or architecture of the equipment for assembly and processing 
of digital image information, which ultimately is used to drive the LED arrays 70 in the imaging device 54. 
5 The press is a high speed electronic/mechanical apparatus with capability for on demand printing. It can 
print "variable data" in real time and has the capability to merge variable data with pre-rasterized images 
stored in the system. These pre-rasterized images, referred to as "base forms", can be stored for repeated 
printing. 

The digital electronic imaging system interprets instructions provided by a user through the HOST 

w interface. It controls the digital data flow within the press and merges fixed and variable images for each 
unique page to be printed. The HOST system is any system, typically a microcomputer, minicomputer or 
larger, that provides a stream of instructions and variable data in the required format. 

The digital electronic imaging system provides electronic printing capabilities for high speed presses, 
incorporating both fixed and variable images on a page-by-page basis. The four basic components of the 

75 imaging system are the Scheduler Control Unit (SCU), the Raster Image Processor (RIP), the Data Interface 
Unit (DIU), and the LED array (see Fig. 4). The controlling intelligence behind the imaging system is 
accomplished through the SCU. 

The SCU provides the top-level system synchronization for the imaging system. It synchronizes all print 
data to the web, prepares all imaging resources that are required, channels text data from the host 

20 computer, and controls all data transfer through the system. The SCU will control the two print engines PE1 
and PE2. Each print engine will have associated with it one RIP and its own DIU and LED array. In a 
successful embodiment the SCU is a Motorola 68020-based VME system running UNIX and RTUX (see 
Figs. 5 and 6). RTUX is a real-time system that co-resides with UNIX. 

A raster image processor (RIP) is the hardware used to compose a series of ASCII characters and 

25 translate them into the proper bit-map forms based on the font(s) selected. Raster processing or character 
generating circuits are per se known, and are commercially available. A "font" in this system is considered 
to be the text style and size in which the variable images may be printed. Special designs, logos or the like, 
can be considered as a separate font, which may contain only a few characters. In an actual embodiment a 
DIU constitutes 25 MB of RAM, organized into rows of 6144 bits (the number of LEDs in the arrays) by 

30 8192 rows which holds the bit-mapped information for one image. The DIU contains all the storage and 
location circuitry required for storing text and baseforms in rasterized bit-map format with, in the described 
embodiment, enough memory for two images. Thus, Fig. 6 shows each DIU functionally divided into fixed 
and variable memory sections. Typically, the fixed memory would hold the base form data (see example 
following), and the variable memory would hold variable data, as might change each image, received from 

35 the RIPs. It also provides for reading of the DIU memory on a one line at a time basis to transfer, line-by- 
line, image information to the LED array 70. The LED array exposes the non-image areas of the 
photoreceptor surface 51 to print the images on the web. 

Fig. 5 shows the organization of the various hardware components which are a part of the SCU, 
operating through the VME bus and interfacing the SCU with the four RIPs, the operator terminal at the 

40 press, the host computer, the DIUs for each print engine, and the sources of sync signals. These 
components include a four Mbyte RAM, interface circuits to the DIUs, the sync input/output circuits, the 
host/RIP input/output controller and print engines delay buffers, a 760 Mbyte hard disk drive and controller, 
a 60 Mbyte tape drive and controller, a 1 .2 Mbyte floppy disk drive and controller, and an RS-232 serial 
interface. 

45 Fig. 6 shows that each DIU feeds an LED translator circuit, which includes shift registers for storing the 
LED driving information for one line while the information for the next line is being loaded into the translator 
circuit through which data is sent to the LED arrays 70, and these in turn receive information from both the 
fixed or baseform memory and the variable memory of the DIU associated with a given print engine. The 
variable memory in turn receives data from two RIPs. The SCU, through a data positioner circuit, controls 

so the flow of data from the two DIUs to their corresponding print engines and combines fixed and variable 
data as needed to expose a page of information as an electrostatic image on the drum surface. The data 
from the bit-mapped memory is clocked into the LED translator under control of the SCU at a rate which is 
greater than the fastest usage of the data to refresh the state of the LED drivers for each line. In a 
successful embodiment the array 70 is divided into twenty four modules of 256 LEDs each, and the data is 

55 loaded serially into the shift registers for each module while being transmitted in parallel to each module. In 
other words, data is loaded simultaneously as to all modules, but sequentially into each module. 

The DIU contains all the storage and location circuitry required for storing text and baseforms in 
rasterized bit-map format, in an actual embodiment a DIU constitutes 25 MB of RAM, organized into four 
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memory sections, each of which have rows of 6144 bits rth P niim h» „ fll :n 

hold the bit-mapped information for an image Pairs o hese mTl, ?* " the am,ys) by 8192 rows «° 
provide bit-mapped fixed (e o base formed ki !? 7 SeC "° ns C00Derat e with each other to 

sections is scanned to W^^,^?^^ T « of memory 

s Thus, for the described embodiment enrWh L Ji , I V ' the 0,her pa,r is ,oaded witn data, 

variable information for ^^ ^^TT, 'T ^ eaCh D ' U '° r bo,h the base f orm and 
and transfers, .ine-by-,ine imaTes" tie LeS array T * mPUt " data ,0 and <™ *• 

io module contains 256 LEDs >TarT P r^Z JSSS'-n f ^ ° f m ° dU ' eS *» i,,US,ra,ed - ^ 
noted that the blocks of LED assZ^Te l ^as^ ^ ^ Referrin9 t0 R 9- 7 ' « wi » be 

in one row being aligned i^Ta^ofTSJS h T' *" SPaC6 betWSen ad * cert ^EDs 
LEDs without crosstab between adjacen ^e The dri^nq of the LEDs° W th h ' S a "° WS C '° Se PaCkin9 ° f ,he 

serine SSS.ST J£ ff**? ™ 0 - DATA 23. 

lead to two banks of EPROM circuits A 10 Thmnnh a « Iff W,thm the m ° dules - Tne data channels 
.0 A-13 and A-14. and B-10 and ^1*^25 ° ^ ^ ^ ^ 1 1 " 

data lines (DATA 0-3, as shown in Fig 9 ^^E^!^^ abnfl ,he f ° ur 

inputs labelled TB 0-3 are timino inouts for rS„ . l , Z { ° M ° du ' e 1 and Module 2 T ^ 'our 

various LED driver circuit! The ^ circuits into the . 

TBA 3 as shown in Fig. 8, and its use is explained below ™ °* P8, ' 8d da,a ' ineS TBA 0 ~ 

modul^^^V'^ ° f data and driver circuits within a 

apply driving power to tlm^^^S^n^^ cu ™t-source driver for each LED which will 

. location Each driver circuit is in' ^S^t^^^Z^ " " * ^ 
commutating information for serial distribution of th* i Pn 1 ° . a ' S0 receives timing (or 

It is a characteristic of any LED ^ 1 ind h 77& ^ t0 the individual LED drivers ci ™its. 
intensity even though they are aT. drivTat Te saw ^1^1 T SOme Variat '° n in 0utput **• 

70 are constructed and the twenty- Z ^Z^of 25^1^1 ^ Wh6n ,he arravs 

i spaced positions, the LEDs are each P »Jn h !,?„ * m ° Unted in P red etermined closely 

a photometer. The resutt^orm^ 

EPROMs. Then. whe the writ in ^TLIcS^^ 7^°" "* ^ h th6n Sf0red in tha 
output appropriate four-bit data worS o^u^Z l^ ^ ° ,U <0 lhe EPR0Ms " the V in ««" 
basic writing data input signif iI°mo d * *" m ° dU,eS ' ^ 
EPROMs, to modify the time duration of the dr ve oZ 1 J T J ? th6 St ° red in,orma «°" 'n the 
shift registers for each module are * ' 3ter * be apprBCiated that the 

other words, data is .oaded slmuto^^ri?? ' S h tranSmitted in P arallel •» aa o" module. In 
referring ,o Fig. 7. data moves oJL T, h ' Sequential, y into eacn ™dule. Thus. 
LED array; thes, data channels a" shown Zded tp bonoT b T ^ * **" *** °' 
array modules, and right to left of the arrav and ^ > 660 the Upper row and lower r ow 

are input to conventional driver ci cS (tvL 26L^2m th 'T^ 35 Sh ° Wn 0n ^ ? " The paired data 

to a pair of counter circuits (S aTui l '' C '° Ck S ' 9nal ' S dir6Cted ,hrouQh a driv ^ circuit 

si 9 na, is also connect S ^« cf'^^SSK d' T ^ ^ ^ C '° Ck 

various modules, as seen in Ro 9 The write hJ.^ i . 0< the re 9 ,ster/,at oh circuits in the 

of two data inputs at aH tne EPROMs 9 8 ™ * 8ClBd ^ ,he data driver circ ^«s *> each 

Counter CTR has eight output lines CTR 0-7 which are m nn P ri 0 H .„ »k 

each EPROM (Fig. 9 , and over which a count (in b^^T^^T"^ °- ? ° f 

v aiy luub) is sent to enable the respective EPROMs to 
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receive on-off writing (pixel initiating) data for each pixel location. Thus, data arrives from the data driver 
circuits (Fig. 8) over lines DO, D2, D4, D6, D8 and D10 which are connected to the various EPROMs (two 
modules are served by one EPROM); data lines DO and D2 are shown connected to the EPROM A-10 for 
Module 0 and Module 2 (Fig. 9). In turn 5 the EPROMs have data outputs in the form of binary code via four 

5 data lines, which extend to the shift register/latch circuits of each module (see Fig. 10) and which include 
the comparative data for each LED. These are shown as the inputs DATA 0, 1, 2, 3 on Module 0. 

As mentioned, the EPROMs are programmed to store comparative data concerning the relative light 
output intensities of the LEDs in the array. In operation this writing data is clocked out of the DIU memories 
and into the EPROMs at, for example, 5 MHz. Thus ail EPROMs are interrogated for information to drive all 

70 LEDs for the "next" line of pixels during a period of 51 microseconds. The LED driving data (as earlier 
explained) is a four-bit code, comprising sixteen discrete numbers; a zero represents an "off" condition, and 
numbers one through fifteen depict compensation information for the LEDs as stored in the EPROMs. This 
driving data is transferred under control of the same clock into the latch/registers of the modules. Thus a 
line of pixel initiating or writing data is transferred from the DIU to the EPROMs, enhanced with the 

ts compensation data, and is serially transferred into the latch/registers of the modules, ready for subsequent 
use in the function of actually driving the individual LEDs. 

Compensated LED Driving 



20 An encoder pulse generator PG (Figs. 2 and 4) is driven from the shaft of drum 50 and provides outputs - 
equal to one-eighth of a pixel height, i.e. eight pulses per pixel dimension around the drum. That output 
divided by eight is the source of the latch pulse train, each latch pulse coinciding with the top border of a 
line of square pixel areas across the photoreceptor surface. Fig. 1 1 shows the relationship of data in clock 
pulses, latch pulses, and timebase pulses. Due to the variable speed capability of the apparatus, the 

25 duration of successive timebase pulses will vary considerably, but there will always be just sixty-four of 
them; at a web speed of 100 ft./min. the latch pulse rate will be 6 KHZ, while at 300 ft./min. this rate will be 
18 K Hz. Latch pulse width in all instances is in the order of 60 nsec, but it will be appreciated the sixty-four 
timebase pulses will be adjusted to the latch pulse rate 

The SCU receives the PG outputs (for each printing engine) and divides the time between leading 

30 edges of successive latch pulses by sixty-four, and generates a time base count which equals 1/64th of the 
latch/reset interval. This represents the maximum time, at a chosen drum and web speed, during which an 
LED can be driven. This timebase information is sent to the time base drivers and to a pair of latch/reset 
drivers (Fig. 8) over the paired time base lines TBA 0 ~ TBA 3 and the latch/reset pair. The four timebase 
signal lines and the latch/reset line are designated TB 0 - 3 and LAT. The LAT signal leads to the 

35 latch/registers, and the TB 0-3 signals are directed to the comparator circuits (see Figs. 9 and 10). The 
time between latch pulses in effect represents a time interval or window during which the LEDs may be 
driven, depending upon the state of the driving data previously stored in the latch/registers for each LED. It 
will be recalled that this includes the compensation data for the individual LEDs. As to each LED, if there 
was an "on" signal in the pixel originating data, then the driving data will indicate that the LED is to be 

40 driven for at least a predetermined minimum of the entire interval between latch pulses. 

As shown on Fig. 11, if a particular LED is to be energized, it will be powered (i.e. driven) for no less 
than 54% of the timebase interval, the duration of the minimum "on" signal. The comparative data will 
determine the extension of on-time into the optional band of fourteen timebase counts, before and after the 
"basic" string of timebase counts, by increments of two timebase counts, one before and one after the 

45 basic "on" signal. There is thus a gradation of effective "on" signals to each LED which is to be driven, and 
this gradation will change with drum (and web) speed since the timebase interval, and the duration of each 
timebase pulse, will change as the encoder PG changes speed along with the drum. Also, the 
increase/decrease of LED on-time is centered about the minimum on-time, which in turn occupies the 
middle thirty-six of the total sixty-four timebase pulses, regardless of drum and web speed. 

so As mentioned, the SCU receives the encoder (PG) outputs and divides the time interval between 
successive latch pulses by sixty-four, and outputs a corresponding number of timebase counts or pulses 
during that interval. These are supplied to the comparator circuits in the modules; the connections to 
Module 0 and Module 2 are shown in Fig. 9. Assuming an LED is to driven, the four-bit binary code over 
lines TB 0-3 will determine which of the first fourteen timebase pulses will first enable the corresponding 

55 driver circuit. In effect the time base count decrements from 14 to 0, followed by thirty-six counts during 
which the driver circuit is enabled, then the count progresses up to 14 (see Fig. 11 "timebase count"). 
Thus, information over lines TB 0-3 provides the sequential timebase pulses to the comparators (Fig. 10) to 
define the potential on-time of an LED, and also combines with the compensated driving data from the 
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latch/regisler. 

Also the latch pulses are transmitted to latch/reset driver* /Fir. m 

module latch/registers and to counter CTR t0 reset , em each <°< LAT 10 ,he 

occurred, e.g. in time for the next row of pixel areas sixty-four t,mebase counts hav e 
5 In the example shown in Fin 11 the oartirnlar icn ln k ^ • 

«*» so its d*e, o Ut p„, be °„s -EST^^^^^T^^ •» "***« 

comparali»e informaiion calls lor orealer drivinn |™» iI h. ' " e umebase counl any. If (he 

- 7-* " each time.se pu.se is 

is loaded into the EPROMs A-10 etc. at an SCU ctock l Ts t! embodiman <. -ting data 

having data for one line loaded in approximate* 51 m ctselLl r ^ reSU " S h ™ du,es 
latch/registers at the same rate and is ransfeZ ouT o to da,a ,S ,ransferred to th * 

with the comparator circuits, at between appSat y 5 Tand ?e?Z» T **** C °° Peration 

'5 speed and latch pulse rate. Thus, it can be > seen that 'Z^L r ™° oseconds > depending upon press 
about 30 and 56 microseconds at 300 I^T^^^^^ pi * el wi » b * ^tween 
ft./mm. K u °" u Ufc? iween yu and 168 microseconds at tOO 

se P a«; n 2£ in 1 ^ < S5^S^ "~ - from a 

20 drum and web speed increases, this Sage s alsf ipcrea^ t SPeed C ° ntr °" er 32 Thus - a * 

100 ft/min. to 15 V DC at 300 nL^Z^^^. T]fPKaBy this voltage varies from 7 V DC at 
circuits, is introduced to offsel ^^.2^^ ^ " t0 a " dH ~ 
surface as drum and web speed is increased. 9 P ' Xe ' area 0n the Photoreceptor 

25 Operator-System Interface 



Terminal Hardware 



30 



The imaging system implementation utilizes a color ppt ;~a . • ■ . 
inch) This terminaI is used as an interface J^he irn^ ™ d *' ^0-A 12 

and the press itself utilizes a third terminal which inchLH^w ° St USeS a separate terminal - 

requires use of a fuH-function a^nanum^ ^ S ° me ° Perat0r input 

to keep the use of this keyboard to a minimum P ' bUt ° perat0r in,erface is desi 9ned 



as Menu Interface 



40 



15 



The imaging system is driven by various loairai mo*** ~, ♦ . 
between the modes. Each logical mode has a S .S If, Sta,eS ' 3nd Vad0US pa,hs of tra ™«™ 
Printer Options (examples heLfteTare a VioZmJ* ?l ? and Capabilities associated it- 

provide functions necessary for pSs^Sn^?^^ "~ *" printin 9 mode " *« 

mode. The menu interfaced ^e^Z^S^ "? °" "» CU ™ 1 press 

is a description of the various capabi.itie an S!? 0 ? 5 3nd aSS0C,ated P rinter °P«™S- Following 
job flow. ,n addition to mode functiona ity 11121^! T" 8 " ^ hOW eaCh m0de ,its into 0vera » 
current status of the imaging system. " a ' S ° pr0vide dynamic information as to the 



Logical Modes 
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There are eight logical press modes which deal riirprfiv, *,,; t K #u 
menu interface modes and the Start Job mode **h?£l£ , T ' n,erfaCe - Th ° Se are the seven 
Printer Options command is listed on eveTmel modVT "* d,SCUSSi ° n ° f ,he ** f,0w " Th * 

Printer Options command provides a %Z^^JT" T* *" Main,enance - Cn °°*"9 the 
Besides the Printer Op^command. each mode reef h s^'f ? ° P,i ° nS * ,he CUrrent ™ de - 
different modes, and a structured job flow. Each mode whh its ~ of "^j 5 a "° win 9 transi,ion <° 
capabilities is listed below. ,,S set of commands and Printer Options 



Idle 



The Idle mode exists when there are no current jobs runnino or ho- 

em jods runn.ng or being processed to run. and when the 
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press is not in a test print or maintenance mode. Commands: 

1. Printer Options - The printer options are a) Press Parameters, b) Job Control, c) Font Libraries, d) 
Base Form Libraries. 

2. Start Job - When Start Job is executed, transition will go to Start Job mode. 

5 3. Test Print - When Test Print is executed, transition will go to the Test Print mode. 

4. Maintenance - When Maintenance is executed, transition will go to Maintenance mode. 

Start Job 



70 The Start Job mode reads in the job header data for the next job from the host. If the job header is valid 
and the SCU successfully loads the resources for the job, a mode transition will take place either to Make 
Ready or Run Job modes, depending on the job flow parameter. If there are errors in the job header, 
transition will go to Make Ready with a job header error condition (explained in the Make Ready mode 
description below). 

75 

Test Print 



Test Print will continuously print a generic test pattern on the press. 
Commands: 

20 1. Printer Options - a) Press Parameters, b) Job Control, c) Registration 

2. Stop Test Print - When executed, test pattern imaging will cease and transition will go to Idle mode. 

Make Ready 



25 Make Ready is the front-end preparation mode for a new job. If a job header error exits, e.g., the toner 
required for a job as specified in the job header not matching what is on the press, then Make Ready will 
indicate the error and allow correction by the operator. Make Ready will continue to validate the job header 
data, and check inconsistencies between the job header and current indicated press resources, indicating 
the problems, until all errors are corrected, or until the operator cancels the job. 

30 Commands: 

1. Printer Options - a) Press Parameters, b) Job Control, c) Job parameters, d) Font Libraries, e) Base 
Form Libraries 

2. Proof Print - When executed, transition will go to Proof Print mode. 

3. Run Job - When executed, if all job header data problems are resolved, transition will go to Run Job 
35 mode. 

4. Cancel Job - When executed, the SCU will send the Cancel Job Command to the host. Transition will 
go to Idle mode if the job flow is manual, or to Start Job mode if the job flow is continuous. 

Proof Print 

40 

Proof print will continuously print the same copy of the current page, with all page flow from the host 
halted. If the current page number is zero (Proof Print executed from Make Ready), the first page will be 
taken from the host and used as the current page. 
Commands: 

45 1. Printer Options - a) Press Parameters, b) Job Control, c) Job Parameters, and c) Registration 

2. Stop Print - When executed, imager printing will cease and transition will go to Stop Print mode. 

3. Run Job - When executed, transition will go to Run Job mode. 

4. Cancel Job - When executed, the SCU will send the Cancel Job Command to the host. Transition will 
go to Idle mode if job flow is manual, or to Start Job mode if job flow is continuous. 

50 

Run Job 



Run Job is the normal run state of the press. All regular job flow, as dictated by the host, is processed, 
until an error occurs or the end of job is detected from the host. If an error occurs that is considered a Stop 
55 Press condition, then transition will go to Stop Print mode. If the job terminates normally, and if job flow is 
continuous, transition will go to Start Job mode. If job flow is manual, transition will go to Idle mode. 
Commands: 

1. Printer Options - a) Press Parameters, b) Job Control, c) Job Parameters, d) Registration 
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2. Stop Print - When executed, transition will go to the Stop Print mode. 
J. cancel Job - When executed, the SCU will send the PanrPi inh r 

go : t„ *b eX8CUted - SCU S8na ' he RK "" J * C ~ '= -t TransHion wil, 



Stop Print 



10 



15 



20 



Commands""' St0P mBQin9 ° f ^ ° Urrent J ° b and ha,t lhe iob flow - 

LTpl 0 S e ; ^ ^ ParameterS ' b) J ° b C) J0b Pa — t ers, CO Font Libraries, and e) 

2. Proof Print - When executed, transition will go to Proof Print mode 

3. Continue Job - When executed, transition will go to Run Job mode. 

rSr Err-? s - - - - — - 

Transition will go ,„ Ru „ j£ modo d 9 *" °' ,0 back >° «• KM- 

Maintenance 



30 



45 



50 



55 



Co m ™„™"" enara ""* iS ^ '° PWide — - *■«*. -or .he ima9lng Sysle „, 

25 i . Rip Service 

2. DIU Service 

3. Host Service 

oZlTsysS." 1 " Wh6n eXeCU,6d ' Wi " ^ t0 ^ Critol - the SCU software and 

5. End Maintenance - when executed, transition will go to Idle mode. 

Printer Options 

^SSm D ^ operator modification. Since 

: operator can visually verify that Press pTrllT* > T u P ' th reSpec1 to these ^sources, the 
press parameters a e paper code P 1 cZTTe 2 coT^T ! aCtUa " y °" ** ^ °< SUCb 

Job Control - Displays^ current con UgTa o for £ , ^ J"^ eXtema *' * n ° ne) " 
mFsto^pin-g of the imaging system. ^ ° r n0t Ceftam condi,ions cons,itu te 

Job Flow - Job flow may be manual or automatic. A manual job flow will cause rtm «?ri . ,« ™, * 
mode and then the Make Ready mode, respectively before he nZ Sl2 „ k t6r ,he ld,e 

operator will be required to initiate the orintinn „/! 1 Del€re ! ™ next ,nc °™9 job can be run. Thus, the 

SCU wit. go directly to Start Job mode STS 2^ k H ° WW8r ' Whe " j0b ,,ow is aut <«. the 

w,„ be automatic i, there i are no hea^ ^•^J^"*~ ^ »"* ThUS ' ***** 
Optional Stop Press Conditions - Certain conditions may warrant the stonninn m , h « ■ 

Bad host data - An undefined command code or escape sequence is received from the host 

r nrr pt^^-?^^^ - a — 

has not resulted in an end-of-job indicator from the hos! Pa9eS ' 35 '"^ ,he j ° b header ' 

End of job detected before total pages reached - An phh m i.k w * 

52^? r nu r r 01 pa9es ' as ^ - *> is?bCi" rcC8ivea *° m Ihe " osi 
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modification of fields detected by Make Ready as possible errors. 

Registration - Allows for the registration of the currently printing image, using as references print engine PE- 
1 to print engine PE-2, and print engine PE-2 to the knife sync. Registration units are in fraction of an inch, 
translated to the number of dots or pixels, based on 300 dots per inch. 
5 Font Libraries - Allows for the inquiry, modification, and backup of the current font library. Fonts may be 
added to the library from tape or diskette. 

Baseform Libraries - Allows for the inquiry, modification, and backup of the current baseform library. 
Baseforms may be added to the library from tape or diskette. 

w Printing a Job 



Printing is accomplished by the imaging system on a job-by-job basis. A "job" is considered to be a 
run of printed pages, all of which use the same on-line resources. The resources which a job may require 
are made up of baseforms and fonts. A "baseform" is the fixed image which remains constant throughout 
75 the life of a job. A job may be identified in terms of its baseforms(s), if it uses them. All variable information 
is printed in "windows", which are rectangular locations on the page, positioned relative to a corner of the 
page. 

A typical job would be printing a series of accounts-payable checks for a company, an example of 
which is shown in Fig. 12. The baseform in the example is comprised of fixed data including the check 

20 design, such as a square border, border boxes for the check amount, date, and number, and the company's 
(payor) name and address, the company/payor's account number in MICR code, the bank name and its 
identification in MICR code, and other text. The variable data is comprised of the check number (in both 
block numerals and MICR code), the date, the amount, and the recipient's (payee) name and address, and 
possibly other information such as a control number for accounting purposes. Variable data may change at 

25 different rates. For example, the check number would change every image, whereas the date may not 
change at all in a job. All variable data associated with a particular window is positioned on the page within 
that window. 

In the check example illustrated, the variable data may be contained in windows as follows: window W1 
is for the check number, W2 is for the recipient's name and address, W3 is for the date of the check, W4 is 

30 for a control number (optional), W5 is for the amount of the check, W6 is for the check number in MICR, 
W7 is for the bank identification number, and W8 is for the company/payor bank account number. 

Such checks are produced in a continuous format, separable from each other along top and bottom 
perforations P10 and P12, and having detachable side feeds strips S10 with feed holes S12 defined by side 
perforations P13 and P14. In a simple format, the check may comprise only a single web or form, as shown. 

35 However, such checks are also commonly available as multi-part forms, in which case there will be some or 
all of the same fixed and variable information on the other form parts. The other part or parts are printed on 
paper of a different color, overprinted with a "Non-Negotiable" message, and collated into a set of 
continuous multi-part forms which can be processed through a conventional computer controlled printer. 
These additional form parts are well known, so they are not illustrated here. 

40 The present invention has the versatility to handle such printing jobs in different fashion. For example, 
the fixed data and some variable data such as progressive check numbers in block and MICR can be 
printed onto single or multiple check forms, then supplied in zig-zag folded stacks for use in a printer which 
will add the remaining variable data It is also possible to print all the fixed and variable data in one pass 
through the press, particularly where a single part form is sufficient, by merging more of the variable data 

45 into a larger job run on the press of this invention. The latter type of operation might be efficient in cases 
where large quantities of different jobs are available to be run on the press, or a longer job with 
considerable variable data is to be run, such as a large number of payroll checks for a large corporation. 

Operation Overview 

50 

When the imaging system is ready to process a job, the first thing it must do is load that job's 
resources. The required baseforms are loaded into the DIU, and the required fonts are loaded into the RIPs. 

The imaging system gets its commands for each job from a host processor, via a sixteen-bit parallel 
port which is later described (see Host Interface). These commands instruct the imaging system what 
55 resources to load for each job. and then send the variable data for the job when the job is ready to print. 
When the first job has completed, the host will then send the resource information for the next job, followed 
by the variable data, and so on. 

Processing proceeds as follows. When the host is ready to begin a job, the first thing it will send to the 
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imaging system is the job header data. The job header data will include the baseforms and fonts ™„ir*H 

SkS E™"- -~ sar= as 5 

sizing information and data will be processed 1 ? 3 P39e t0 be pnnted - Window 

sen, if their data changes. When thedes e widows av "bien sem to^TT* T * * 
command indicating that the page is complete. Incorporated in thTs col and w be hf 

loading resources for the next job. if available, with a down time between te iobs de2 7 T" 

of resources to hp inaHPrt Tho mrtr « ™ ,u oeiween me jobs dependent on the amount 

•JSTiiSJ! ,esources '»° **•■ » «- - 



Start of Job 
20 Job Header 

End of Header 

Window Flag 

Window RIP codes 

Window Text Data 
25 Form Feed 

End of Page 

[next page instruction] 

End of Page 

End of Job 
30 [Start of next Job] 

Press Registration 



Various registration modes allow for either print enaine tn run * r^^. 



Hardware 



40 



45 



50 



55 
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Index Pulse - Each print engine has an index pulse which occurs once every drum revolution (every 33 
inches). It also is derived from the encoders driven with the printing engine drums. This signal can be used 
as a sync source for the associated print engine. This source is generally not used in normal printing 
modes. 

5 Sync Out - Each print engine provides a sync out pulse which indicates when a page has been started 
based on a sync input. This signal is the print engine sync input plus the offset adjustment plus 1/2 of the 
window size if an end-of-window sync has occurred (described below). The SYNC OUT pulse is active low, 
has a duration of one print line, and is provided by the imaging system on a RS-422 differential driver. If for 
some reason a sync pulse does not occur in the expected train after a page has begun, this signal will act 

70 as a substitute sync signal so as not to cause a default in the operation. 

Image Sync Implementation 



The imaging system can be synchronized using any one of three externally generated sync pulses 

75 (Knife or External) as derived from optical encoders, preprinted paper, or any other source. The choice of 
synchronization source does not alter the operation of the press. The implementation of the sync pulse 
(whether used or not), its source (Knife or External), and its spacing (in number of lines) will be specified in 
the job header. When using an external sync source, the occurrence of either a sync pulse or an end-of- 
page will cause the print engine to reset to the zero address of image memory and toggle the active 

20 memory planes when enabled by the SCU. The end-of-page boundary is written into a register on the DP 
Sync and Control Board by the SCU from the page length data provided in the job header. If an external 
sync source is not used, then the end-of-page indication will reset memory to address zero and toggle 
image planes when enabled by the SCU. 

Three different sync modes known as NORMAL, SLAVE, and SOFTWARE are provided. 

25 The NORMAL mode employs a phase-locked-loop to generate a window in which the sync pulses are 
permitted to occur. This mode is intended to be used when triggering on any external source. The 
maximum sync pulse separation for this mode is 65,536 lines minus 1/2 of the window size. The advantages 
of this mode are the ability to print multiple pages within a sync period and error recovery from missing 
pulses. The SCU is given information as to the nominal sync period and maximum sync variance in order to 

30 set the page and window sizes for the job. 

The SLAVE mode makes the print engine a slave to the sync pulse. The print engine synchronizes 
directly from the pulse received. The sync pulses may have any separation in this mode and no prior 
knowledge of the sync pulse period or variance is necessary. This mode could be used for jobs which were 
not set up with a specific page size or have multiple pages per sync period. End-of-page indications will not 

35 reset the memory address or toggle image planes, thereby eliminating the possibility of contention between 
the end-of-page indications and the sync pulses. 

The SOFTWARE mode is provided to allow the SCU to sync the print engine, and is used only for 
diagnostics purposes. 

40 Margin Requirements 



Top and bottom margins are required on all imaging system images for two reasons: 

1. When triggering the imaging system with an external sync pulse (Knife or External), there must be a 
white area buffer zone at the beginning and end of the image. This buffer zone is required to prevent the 

45 loss of printed information at the edges of each page due to variations in sync pulse separations. This 
buffer zone should be larger than the maximum variance of the sync pulse separations. The buffer zone 
is defined as 1/8" at the top of form and 1/8" at the bottom of form. This requires that the window size 
be no greater than 1/4". 

2. There is a mechanical LED offset in the array 70 that is compensated for by clocking out data "early" 
so or "late". In order to prevent visible printed data at the beginning and end of a form, the top and bottom 

of the image must have at least six lines of white data. Six lines of data at 300 dots/inch corresponds to 
0.02 inches. These twelve lines (.04 inches) can be embedded into the triggering buffer zone, and need 
not be added to the buffer zone spacing. Normal Sync Mode 

The sync pulse occurs coincident with the end-of-page indication, but system tolerances are such that 
55 they do not match exactly. To eliminate the possibility of both a sync pulse and an end-of-page indication 
resetting the print engine and thus causing a double memory plane toggle due to a small separation In their 
timing, the primary print engine will set up a window of time where the sync pulses may occur. This type of 
implementation also allows for multiple pages per sync period. 

on 
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The position of the window is based on the sync separation of the previous valid page by means of a 
phase-iocked-loop.Only the sync pulse is allowed to trigger the reset of image memory and the toggling of 
memory planes during this window. All end-of-page indications are ignored during this time period. The 
opposite is true outside of the window, all sync pulses are ignored and only an end-of-page will reset image 
memory. 

Once the window operation is started by the occurrence of two consecutive valid sync pulses, all sync 
pulses occur within the window. If a sync pulse is missed, the print engine will sync to the end of the 
window. The imaging system will then properly adjust the following window such that the center of the 
window will be positioned where the sync pulse is expected, and will properly adjust the position of the 
secondary print engine to compensate for the repositioning of the primary engine. 

If more than two consecutive syncs are missed, then the primary print engine will go into page roll-over 
mode. The primary print engine will stay in page roll-over mode until the phase-locked-loop reacquires lock 
on the sync pulse, after which normal phase-locked registration will resume. Therefore the sync pulse 
separation cannot change from sheet-to-sheet by more than 1/2 of the window size for more than 2 pages 
or erroneous registration will occur. Slave Sync Mode 

In the slave sync mode, it is not possible for contention to occur between the end-of-page signal and 
the sync pulse, because only the sync pulse is used for triggering the print engine. If the page length is 
shorter than the sync period or if a sync pulse is missed, then the print engine will continue to print the 
physical memory and will roll-over after 8192 lines have been printed. If the page length is longer than the 
sync period or if a double sync occurs, then the page will be truncated. Upon the occurrence of every sync 
pulse, the image memory will return to the top of the form and the memory planes will toggle if enabled by 
the SCU. 

Registration Offset Adjustment 



The imaging system allows for the adjustment of the image position for each print engine. The primary 
print engine offset adjusts the position of the primary and secondary images relative to the external sync 
source. If the primary print engine is in page roll-over mode, then the primary offset adjustment is not used. 
The secondary print engine offset adjusts the position of the secondary image relative to the primary image. 
This offset is always used on the secondary print engine regardless of the mode of the primary. 

The range of offset adjustment for either print engine is + /- 0.75 of the sync pulse separation for 
NORMAL mode. When the primary print engine is in page roll-over mode, then the offset adjustment range 
for the secondary is + /-0.75 of the primary page size. The offset adjustment resolution is 1/4 of a pixel. 
Registration adjustments are implemented in two ways known as make-ready and running. When in make- 
ready, the offset adjustment can be changed by any amount in a single page. If the offset adjustment is 
more than 1/2 the window size, registration and paging errors will occur. When running a job, only offset 
adjustments of no greater than 1/2 the window size are allowed, thereby preventing paging errors. The 
registration offset values are set by loading register values into the SCU via the user interface. 

Host Interface 



Communication between the host processor and the imaging system is implemented using a job data 
channel for the sending of job-related data from the host to the imaging system, and a supervisor channel 
for passing commands and status messages from the imaging system to the host. 

Job Data Channel 



The job data channel provides the link from the host to the SCU and the RIPs for the job-related data. 
Data sent across the link is comprised of the job header data, sent to the SCU for resource loading and 
control, and the variable data sent to the RIPs for variable window data output. 

Data will be sent from the host computer to the imaging system across a unidirectional 16-bit parallel 
port. Two handshake lines will accompany the port. The handshake lines are comprised of Ready to 
Receive (from imaging system to host) and Data Valid (from host to imaging system). RS-422 compatible 
(differential) drivers and receivers are used, requiring 36 lines; 32 for data, 4 for handshaking. 

Programming codes are sent through the parallel interface a word at a time. The high byte of the v/ord 
is control information, and the low-byte of the word is the data. The format of the word is shown in Fig. 13 
and is described as follows. 
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Bits 



15-13 Steering bits - Determines the destination of the host data. Data is "steered" directly to the 
appropriate hardware based on these bits. 

5 



Destinations are as follows: 



70 



/5 



20 



bl5 bl4 bl3 destination 

0 0 1 scu 

0 10 RIP #1 - PE1 

0 11 RIP #3 - PE2 

10 0 RIP #2 - PE1 

10 1 RIP #4 - PE2 



25 



12 Command Code Indicator - Indicates the beginning of an SCU command sequence. 

m 

11-9 Unused 

8 Parity bit. 

7-0 Data. 



SCU Programming Codes 



30 AH SCU codes have a high byte with a value hex 30 (steering to SCU, command code indicator set). 
Data values are loaded from the most significant byte to least significant; ail code values are in hex; length 
values are in decimal; all strings must be null terminated. Code sequences are listed with the control byte, 
then the data byte, then any optional value ranges. 
[" - Indicates the command is required] 

35 

1*. Start of Job - ' - 80. 

This indicates that a new job follows. 

40 

Code sequence: 30 80 



2. Job Title - 81. 

45 

This is a null-terminated ASCII string, maximum length is 20 characters. 

Code sequence: 30 81 

50 20 ASCII 

20 ASCII 

20 00 

55 

3. Comment - 82. 

This is job identifying information useful to the operator. It is a null-terminated ASCII string; maximum 
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length is 70 characters. 



Code sequence: 30 82 

20 ASCII 
20 ASCII 

[as needed ... ] 



w 



20 00 



75 4. Page Length** - 83. 



This defines the length of the page in pixels (word). There may be multiple oaaes oer knife ^ 
d.stance. so page length is never greater than knife sync distance. P 9 P Syn ° 



20 

Code sequence: 30 83 



20 



bits 15-8 value: 1 - 8192 



20 bits 7-0 

25 

5. Knife Sync Implementation" - 84. 



This code indicates the lype of syno pulse, II an,, to be used to, the job. The indicate, a bvle has a 



30 value 



Code sequence: 30 84 

35 

20 



8-bit No. value: 0-2 



6. Knife Sync Distance - 85. 

40 



in pixels 



This instruction is needed if the sync pulse is implemented. It defines the distance between knife syncs 



45 



50 



Code sequence: 30 85 

20 bits 15-8 

20 bits 7-0 

7. Base Form - 86. 
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35 



40 



45 



Code sequence: 30 86 
base form id: 20 ASCII 

20 ASCII 
[ aa needed. . • ] 



20 00 

w 

print engine: 20 8-bit No. value: 1-2 

x-offset: 20 bits 15-8 

20 bits 7-0 

T5 y-offset: 20 bits 15-8 

20 bits 7-0 



20 8. Window Descriptor - 87. 

This code is required for jobs with variable information. It defines window dimensions and associates 
them with a window identification. The window dimension must not exceed an area of 16 million pixels. 
There may be up to 256 windows per print engine, for a total of 512 windows. Window IDs must be unique 
25 across print engines. A window descriptor is composed of a window number (word), the print engine the 
window is associated with (byte), the x and y offset of the window (words), and the width and height of the 
window (words). The x offset and the width of the window is in units of 16 pixel words, while the y offset and 
the height is in pixel units. 

30 



Code sequence: 


30 


87 






window # : 


20 


bits 15-8 


value: 


0 




20 


bits 7-0 






print engine: 


20 


8-bit No. 


value: 


1 


x-offset: 


20 


bits 15-8 








20 


bits 7-0 






y-offset: 


20 


bits 15-8 








20 


bits 7-0 






width: 


20 


bits 15-8v 


value 


: 1 




20 


bits 7-0 






height: 


20 


bits 15-8 


value: 


1 




20 


bits 7-0 







so 9. Font Descriptor" - 88. 

This code indicates a font that needs to be loaded for the job. There should be as many of these 
commands as there are fonts required by the job that aren't currently in the RIP. A font descriptor includes 
the font name (null-terminated ASCII string), and the RIP it is to be loaded into (byte). 

55 



EP 0 435 520 A2 



Code sequence: 30 
font name: 20 

20 



20 

RIP ID: 20 



88 

ASCII 
ASCII 



• • • 

00 



w 



8-bit No. value: 1-2 



10. Imager No. 1 Color" - 89. 

This instruction code describes thp inh'* • 



Code sequence: 30 

20 



20 



89 

8-bit No. 



1 1 . imager No. 2 Color** - 8A. 

This code describes the job's color reaukpment w 
* imager is not to be used. Imager cotor is Revalue ^ ** ?E2 A Value of 0 indicate * the 



Code sequence: 30 

20 



30 



89 

8-bit No 



12. Paper Code - 8B. 



35 



40 



This code identifies paper required by the job (null-terminated ASCII string). 



Code sequence: 30 

20 
20 



8B 

ASCII 
ASCII 



fas needed. . . ] 



45 



20 



00 



13. Paper Type - 8C. 



50 



55 
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70 



75 



30 



45 



50 



55 



Code sequence: 30 8C 

20 ASCII 

20 ASCII 

[ as needed . . . ] 

20 00 



14. Total Pages - 8D 

This code defines the total number of pages the job is expected to use (long word). 



Code sequence: 30 8D 

20 bits 31-24 

20 bits 23-16 

20 20 bits 15-8 

20 bits 7-0 



25 15. End of Header - 9F 

This code indicates that the header data has been sent and variable data follows. 



Code sequence: 30 9F 



16. Start of Window Data - AO 

35 This code loads the actual variable data for a window. Window data is composed of the window number 
(word), followed by the data. The data may be steered to either print engine, depending on the window, and 
is terminated with a form feed. A high-byte value of hex 40 steers the data to the print engine PE11 RIP #1, 
and a high-byte value of hex 60 steers the data to the print engine PE2 RIP #3 (60 may be substituted for 
40 in the high-byte code sequence below). The window data steered to the RIPs may contain a combination 

40 of window text data and RIP programming codes (see section 3.2.5). All window data is terminated with a 
form feed so the RIP knows when to begin composing the data to bit-nap form. 



Code sequence: 30 AO 

window No: 20 bits 15-8 value: 0 - 511 

20 bits 7-0 

data: 40 ASCII window data and RIP 

codes. 

40 ASCII data and RIP codes. 

• • • • • • 

40 OC (form feed)<-- end of window 



17. End of Page*" - Al. 
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This code indicates that the entire paoe has hepn ^nt =>^ ,„ . ... 
(long word). 9 S6nt and re 9 u ests the number of copies to be printed 



Code sequence: 30 Ai 

No. of copies: 20 bita 31 _ 24 



70 



20 
20 
20 



18. End of Job" - FF. 



15 



Code sequence: 30 



20 RIP Programming Codes 



bits 23-16 
bits 15-7 
bits 7-0 



. FF 



. «*. -a,, « o, , he R ,p p,o 9rammi „ y 9 p rri , rr; e R os p ;rrr b r s and Asc " im 



Text Mode commands 



. Select Font - ESC [ font ro 

IB 5B 6D 



35 



40 



45 



50 



55 



27 
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5 



TO 



/5 



20 



font - 1 to 65535 (must be previously loaded with the 
font descriptor command in section 3.2.4) 

2. Delete All Fonts - ESC [ # v 

IB 5B2376 

3. Delete One Font - ESC [ font # w 

IB 5B 2377 

font - 1 to 65535 

4. Select Top Margin - ESC [ margin r 

IB 5B 72 

5. Select Left Margin - ESC I margin s 

IB 5B 73 

6. Select FOB Load - ESC [ 1 " s 

IB 5B312273 

I. Select FOB for Print - ESC t 1 " p 

IB 5B312270 

8. Deselect FOB - ESC t " p 
25 IB 5B2270 

9. Enter Position Mode, Current Orientation - ESC I 1 $ q 

IB 5B312471 

10. Enter Position Mode, Rotation 0 - ESC I 2 $ g 

IB 5B322471 

II. Enter Position Mode, Rotation 3 - ESC I 3 $ q 

IB 5B332471 

35 

FOB Mode commands 
(Used for shading & vector) 

40 

1. Reset FOB - ESC c 

IB 63 

2. Select Write Mode - ESC [ mode " ( 
45 IB 5B 227B 

mode - 0 to 2 

3. Download shade pattern - ESC [ shade ; 1 # p 

IB 5B 3B312370 

50 shade - 33 to 40 



55 



oo 
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4. Shade Defined Area - ESC [ width ; height ; shade - q 

IB 5B 3B 3B 2271 

shade - 0 to 40 

5. Define window for raster data - ESC [ width ; height • w 

6. Load raster data - ESC I bytes " r 

IB 5B 2272 
bytes - 1 to 65535 

7. Horiz./Vert. Line - ESC I orientation ; x-dist ; y-dist 

18 5B 3B 3B 

; length; thickness • 

38 3B 217C 

orientation - 0 to 1 

). Draw Vector - ESC f stai-t--v . 

scare x , start-y ; end-x ; end-y ; 

18 5B 38 3B 3B 3B 

thickness ** t 

2274 

. Draw vector. Relative - ESC ( end = x , end-y ; thickness 

IB 5B 3B 3B 



" u 



2275 

). Horizontal Position Absolute - ESC [ x-pos • 

IB 5B 60 
. Horizontal Position Relative - ESC [ delta-x a 

IB 5B 61 
. Vertical Position Absolute - ESC [ y-pos d 

IB 5B 64 
. Vertical Position Relative - ESC [ delta-y e 

IB 5B 65 
. Horizontal, Vertical Position Absolute - 

ESC f x-pos ; y-pos f 
IB 5B 3B 66 

Define Offset - ESC [ x-of fa • 

i a otis , y-ofrs ; negative ; 

IB 5B 3B 3B 3B 



negative " y 

2279 

16. Terminate FOB Load - ESC [ *' s 

IB 5B2273 



29 
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Page Mode commands 



1. Horizontal Position Absolute - same as FOB Mode 

2. Vertical Position Absolute - same as FOB mode 

3. Exit Position Mode - ESC [ $ q 

IB 5B2471 



70 



75 



20 



25 



30 



The following are RIP commands used by the imaging system, but not used by the host for level 1 

1. Select Pixel Units** - ESC t 7 space I 

IB 5B3720 49 

2. Start Font Load** - ESC [ font ; 1 # s 

IB 5B 3B312373 
font - 1 to 65535 

3. Continue Font Load** - ESC [ byt#s # r 

IB 5B 2372 

bytes - 0 to 128 

4. Stop Font Load** - ESC ( ; # s 

IB 5B3B2373 

5. Window Size** - ESC [ width ; height # t 

IB 5B 3B 2374 

width * height must be less than 16 megapixels 



Supervisor Channel 

35 

The supervisor channel provides the link from the SCU to the host for the relaying of job control 
command information as well as job and press status information. 

Hardware 

40 

The supervisor channel is comprised of an RS-232 compatible serial line. 

RS - 232 Parameters 

45 



Baud rate: 9600 
Parity: none 
Data bits: 8 
Stop bits: 1 

50 

Protocol 

The command/status codes sent from the imaging system to the host will be in the format: 

55 

< ESC >; code parml parm2 . . . < LF> . 
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assocSdV^ «"* *• seguence. with any parameters 

(hex OA). A,, numerics. P^r~t^J?£££Z y ^JST" ^ ' erminated W ' ,h 3 ,ine feed 
come across the serial line as hex 30 Z he < STZStZ , I °' *" number 32 WOuld 

s Command/Status Codes Leadm9 Zeros may a,so be "dueled. DEIS 

The value of the command/status code, in hex, is indicated after the command name. 
1. Cancel Job - 41. 



Parameters: None. 



Code sequence: <ESC>;A<LF> 



75 



2. Restart Job - 42. 



and the job header data. 
20 Parameters: None. 



Code sequence: <ESC>;B<LF> 



25 



30 



3. Backup Job - 43. 

Description: The host is to "backup" and repeat the sending of a desired number of pages. 

Parameters: PI: The number of page3 to backupf 

referenced to the current page. 
Code sequence: <ESC>;C Pl<LF> 



35 



Job Example 



Following is a possible implementation for the header data of the accounts- P ayab«e check example 



40 



45 



50 



55 
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Job Title - ABC Co. 

Comment - Accounts Payable Checks 

Page Length - 1000 pixels 

5 

Knife Sync - external 
Knife Sync 
distance - 1100 pixels 
10 Base form - ABC.rle 

print engine: 1 
x-offset: 0 pixels 

y-offset: 0 pixels 

75 

Window #0 (check date) 
print engine: 1 
x-offset: 80 (X 16 pixels) 
20 y-offset: 200 pixels 

width: 18 (X 16 pixels) 

height: 100 pixels 

Window #1 (check number) 

25 

print engine: 1 

x-offset 100 (X 16 pixels) 

y-offset 200 pixels 

30 width: 18 (X 16 pixels) 

height: 100 pixels 

Window #2 (check amount) 
print engine: 1 

35 

x-offset: 84 (X 16 pixels) 
y-offset: 500 pixels 
width: 34 (X 16 pixels) 

40 



45 



50 



55 
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height: 100 pixels 

Window #3 (recipient's name and add 

print engine: 1 

x-offset: 30 (X 16 pixels) 

y-offset 650 pixels 

width: 34 (X 16 pixels) 

height: 200 pixels 

Fonts Used 



ress ) 



Windows 0, 
Window 3 : 
Header data 
Start of Job 
Job Title 



Comment 



Page Length 
Knife Sync 

Implementation - 3084 2002 
Knife Sync 



1. & 2: 12.dlf 
14.dlf 

- 3080 

- 3081 2041 2042 2043 2020 2042 2068 2000 

A B C Co 

- 3082 2041 2063 2063 2068 2075 2067 2074 

Ac count 
2073 2020 2050 2061 2079 2061 2062 206C 

9 p a y a b 1 

2065 2020 2043 2068 2065 2063 206b 2073 

e Checks 
2000 

-3083 2003 20E8 



Distance 
Base Form 



Window #0 



- 3085 2004 204C 

- 3086 2048 2061 2072 2072 2069 2073 202E 

Ha r r i s 
2072 206C 2065 2000 2001 2000 2000 2000 
r 1 e 
2000 

- 3087 2000 2000 2001 2000 2050 2000 20C8 

2000 2012 2000 2064 
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Window #1 



Window #2 



Window #3 



Load Font 



Load Font 



- 3087 2000 2001 2001 2000 2064 2000 20C8 
2000 2012 2000 2064 

- 3087 2000 2002 2001 2000 2054 2001 20F4 
2000 2022 2000 2064 

- 3087 2000 2003 2001 2000 201E 2002 208A 
2000 2022 2000 20C8 

- 3088 2031 2032 202E 2064 206C 2066 2000 

1 2 . d 1 £ 

2001 

- 3088 2031 2034 202E 2064 206C 2066 2000 

1 4 . d 1 f 

2001 

End of header - 309F 
Variable data 

Window 0 - 30AO 2000 2000 401B 405B 4031 4032 406D 4034 

ESC [ 1 2 id 4 
402D 4032 4034 402D 4038 4038 400C 
2 4 8 8 

Window 1 - 30A0 2000 2001 4034 4031 4030 4030 4030 4031 

4 1 0 0 0 1 

40OC 

Window 2 - 30AO 2000 2002 4024 4035 402C 4030 4030 4030 

$5,000 

402E 4030 4030 400C 
0 0 

Window 3 - 30A0 2000 2003 401B 405B 4031 4034 406D 4050 

ESC I 1 4 ro P 
4065 406E 407A 4061 4020 4043 406F 4072 4070 

enza Corp" 
400D 400A 4035 4039 4031 4020 4043 4061 406C 

5 9 1 C a 1 

4069 4066 406F 4072 406E 4069 4061 4020 4050 
ifornia P 
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w 



406C 402E 400D 400A 4044 4061 4079 4074 406F 

1 D a y t o 

406E 402C 4020 404F 4048 4020 4020 4034 4035 

n Oh 4 5 

4034 4031 4034 400C 
4 14 

End Page - 30A1 2000 2000 2000 2001 

Repea, above .adebie dala commands ,c any window whtoh change . un|i , „ pages „ „, ^ 



15 



End Job - 30FF 



Summary 



20 



25 



30 



555 %r2£ZFZ£ » appar « - - 1— »—» p— 

minimum makeneedy ? P " n " nQ - °" " " " eb ma,srt * "» 

» is ,o* o n de , S na, ^Tn,en«„nTs « SSft? * ^ "'^ «"""*""»« - «■ -aniion. 
thai changes may be madein S ™Zf * ""^ J***" "• e "«=<te and forma of appelates, and 
Ihe appended da ~ ™ pan,n 9 lrom lhe scope ol Ihe myenlion, which is defined in 



35 



the appended claims 
Claims 



40 



45 



50 



55 



leceiving maleda, ,he,ebj,een atenl ^Zell^^T "* *•*» "« 

an electrostatic printing engine including 

d! a" HEL mea " S *" Crea *" 9 3 """° ,m eleclrosBlii: c "*9» on said surtace el a ttrst high potential 
ia&KE^^tnST r "? S "" aCe <°' ~Conlo 

and ,epo, te d „om ,he oonlage ^ "™ °" ^ ^ 

the improvement comprising 

a programmable speed controller included in said means for driving the print receivino material 

sa,d speed controller including voltage .eve, adiustmen, means JU^S^ETL, potentia, 



35 
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in direct relation to press operating speed. 

2. An electrostatic printing press for printing a succession of images on print receiving material, comprising 
supply means and delivery means supported in spaced relation and means for driving and guiding print 
receiving material therebetween along a predetermined path; 

5 an electrostatic printing engine including 

a cylinder having a photosensitive surface and means supporting said cylinder along the path in a position 
to contact said material, 

means for rotating said cylinder such that said surface has a peripheral velocity and direction corresponding 

to movement of the material, 
w charging means for creating a uniform electrostatic charge on said cylinder surface at a first high potential. 

exposure means extending transversely of said surface for directing radiant energy onto predetermined 

discrete non-image areas on said cylinder surface to cause selective dissipation of the charge on such 

discrete areas to a second low potential, thereby to form an electrostatic latent image on said surface. 

said exposure means being located around said drum from said charging means such that the uniformly 
75 charged part of said surface is presented to said exposure means, 

developing means for applying a liquid developer to said cylinder surface, 

said developing means including a shoe member contoured to said surface of said cylinder for containing 
the liquid developer in contact with a predetermined area of said cylinder carrying the electrostatic latent 
image, 

20 said shoe member including development electrode means arranged for contact with developer in said shoe 
member, and 

means for applying to said development electrode means a third potential intermediate the first and second 
potentials whereby the toner particles in the liquid developer are attracted to the image areas on said 
cylinder surface and repelled from the non-image areas of said cylinder surface; 
25 the improvement comprising 

means for circulating the liquid developer through said shoe member to refresh developer depleted of toner 
particles and to flush concentration of toner particles away from said development electrode. 

3. An electrostatic printing press as defined in claim 1 or 2 t wherein the developer includes toner particles 
having a negative charge and being dispersed in a volatile carrier liquid. 

30 4. A printing press as defined in claim 1 or 2, for printing a succession of images on a web, comprising 

the supply means and delivery means include means for driving and guiding web material therebetween 
along a predetermined path, 

said printing engine being supported along the path with said photoreceptor surface in a position to contact 
the web material, 

35 charging means for creating a uniform electrostatic charge on said photoreceptor surface at a first high 
potential, 

said exposure means directing discrete beams of radiant energy at a resolution in the order of at least 300 
per inch selectively onto discrete non-image pixel areas on said photoreceptor surface, 
said developing means including a shoe member contoured to said surface of said cylinder for containing 
40 the liquid developer in contact across the area of said surface carrying the electrostatic latent image, 

means guiding the web into contact with said photoreceptor surface at a region past said developing means 
in the direction of rotation ol said cylinder, and 

means for transferring the toner particles from the latent image and at least part of the carrier liquid onto the 
web. 

45 5. A press as defined in claim 1, 2 or 4, further comprising 

said, driving means including a line shaft coupled to said supply means, said delivery means, and said 
cylinder for rotating said cylinder such that said photoreceptor surface has a peripheral velocity and 
direction corresponding to movement of the material, 

means for generating latch pulses at a rate equal to the peripheral velocity of said cylinder in inches 
so /second times 300 whereby resolution around said cylinder at least equals resolution of said exposure 
means across said cylinder, 

means for supplying imaging data to said exposure means under the control of said means for generating 
latch pulses. 

6. A press as defined in claim 1, 2 or 4, further including 
55 charging means for creating a uniform electrostatic charge on said cylinder surface at a potential of at least 
1000 Volts, 

exposure means extending transversely of said surface for directing a plurality of small parallel beams of 
radiant energy onto adjacent discrete areas of about 0.003 inch across said cylinder surface to cause 
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selective dissipation of the charge on such discrete areas to in the order of 100 to 300 Volts 

rz;^:v^^z:r e : ,iquid r ~ - Particles 

dispersed in a volatile carrier liquW 9 6 CharQe ,he range of 60 ,0 75 Picamhos/cm 

5 in the order of ,00 to 600 Vo.ts 

and repelled from the non-image areas of sart ^Z ^Z ^ ™" °" ^ Cy ' inder SUrfaCS 

7. A press as defined in claim 5 or 6, further comprising 

* oZi: r a c fo ;s sr^^sss t™ 6 tt za,ion ,emperatore ° f * e — ■** 

vaporize the carrier tipuid on the Teb materia, ^ ^ Part,C ' eS l ° l " e W6b material and »° 

means for cooling the web exiting said fusing means and 



75 



20 



8. A press as defined in claim 1 2 3 4 5 Boiv^ZZ 

an array of closelv snarprf Fnc «v£ Z- ! " ' 9 ' ,al ex P° sure m eans including 
onto XSTS^pS^^H^ 1 "? " direCti " 9 S6 ' arate bea ™ " "9ht 

the charge on such area a se Z Z l^TCZT^™ !° diSSipati °" ° f 

surface; Potential, thereby to form an electrostatic latent image on said 

rxssiriss'ir' lndi,idua ' con,, °' ci,cuiis ,or 

press operaling spei. 8 ,he *"" n ° cl,,^en, 10 11,6 LED = «"* "crease in 



press operating speed 
25 9. A printing press as defined in any of claims 1-8, further including 



»eStuna m pP*rec'ep* S^S^T """ " * * — «" - 

said driving means rotating said cylinder such that v. ' 

corresponding to movement of the web 6 h3S 3 Penpheral and direc «°n 

a data interface unit including memory means for holding digital image information 

45 press operating speed. 9 current to the LEDs, with increase in 

anginas ,o ,he «, IXSZZtT * " **" Pa *' es *° m lhe ««« P*»"9 

» » ttSSSSS prin " n9 3 succe5Sion 01 ' ma3es 00 prlm ,acel,in9 malarial as in -*> * » 

said driving means rotating said cylinders in synchronism 

. C!m S inter,aCa U "" S ' ^ ^ "*» »— »• — »» '» M*. digita, 

means for transferring image information from said data interface unit* to «.vi 

corresponding printing engines on a line-by-line basis and d e9 ' Ster ° rCU,tS °' the 

means for driving said exposure means of each printing engine at a rate dependent upon the output of the 
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corresponding encoder. 

13. A printing press as defined in any of claims 9-11, including 

said memory means being divided into a fixed image memory section and a variable memory section, and 
said means for transferring image information combining the digital image information from each memory 
5 section into composite image data which is transferred into said register circuits. 

14. A printing press as defined in claim 13, further including 

said means for transferring image information combining digital information from the fixed and variable 
memory sections on a line-by-line basis. 

15. A press as defined in any of claims 1-12, wherein said voltage level adjustment means also adjusting 
10 the potential applied to said charging means in direct relation to press operating speed. 

16. A press as defined in any of claims 1-12, wherein said developer is a liquid including toner particles and 
a carrier liquid, 

means for recirculating said liquid developer through said shoe member, 

means guiding the print receiving material into contact with said cylinder surface at a transfer region past 
;5 said developing means, 

means for applying a substantial transferring potential to said print receiving material to attract the toner 
particles forming the developed image onto the print receiving material, and 

said voltage level adjustment means also acting to adjust the transferring potential applied to the print 
receiving material in direct relation to press operating speed. 
20 17. A press as defined in any of claims 1-12, including 

a power driven metering roll interacting with said cylinder surface between said developing means and the 
transfer region to reduce the amount of carrier liquid carried on said surface to the print receiving material, 
means for applying a bias potential to said metering roll, and 

said voltage level adjustment means also acting to adjust the potential applied to said metering roll in direct 
25 relation press speed. 

18. An electrostatic printing press as defined in any of claims 1-12, including 

said fusing means directing streams of heated air onto the surfaces of the print receiving material for fusing 
transferred toner particles to the material and for vaporizing the carrier liquid transferred to the material, 
means for collecting the vaporized carrier liquid, and 
30 means for oxidizing the vaporized carrier liquid. 

19. A press as defined in claim 18, including 

a cooled chill roll contacting said print receiving material coming from said fusing means and on the side of 
the material opposite the developed image. 

20. A press as defined in claim 19, including 

35 means guiding the print receiving material around a major portion of the circumference of said chill roll, and 
said chill roll being connected to said driving means to draw the material from the fusing means and 
maintain tension in the print receiving material. 

21. A press as defined in any of claims 1-7, wherein 

said exposure means includes an array of closely spaced individual light beam generators and driving 
40 circuits for said light beam generators to switch each generator on and off, 

said driving circuits including individual control circuits for selectively operating said driving circuits 
according to digital imaging data, and 

means for supplying imaging data to said driving circuits at a rate sufficient to refresh the data for each 
driving circuit at a rate greater than the number of pixel areas circumferentially of said surface. 

45 22. A press as defined in claim 21, including 

means for generating latch pulses corresponding to the peripheral velocity of said cylinder and at a rate to 
divide said surface into pixel areas at least equal to the spacing of light beam generators whereby 
resolution around said cylinder at least equals resolution of said exposure means across said cylinder, and 
means for supplying imaging data to all said driving circuits at a rate greater than the latch pulse rate. 

50 23. A press as defined in claim 21, including 

an encoder driven by said driving means in synchronism with said cylinder and generating a string of latch 
pulses per each cylinder revolution to identify pixel areas around said surface. 

24. A press as defined in any of claims 1-12, wherein 

said delivery means includes a sheeter mechanism for separating the web into individual sheets of uniform 
55 size. 

25. A press as defined in any of claims 1-12, further including a processing section having at least a cross 
perforation unit for forming transverse perforations in the web at regularly spaced intervals. 

26. A press as defined in claim 25, including a sensor cooperating with said cross perforator to generate 
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registration pulses each time the perforator forms a cross perforation and 

means for applying the registration pulses to said exposure means to control the registration of images with 
respect to the space on the web between successive cross perforations 

■ Z'aL P Z S TTJ n C ' aim 26 ' Wh6rein S3id deliV6ry means includes a 2i 9" 2a 9 f °'^ mechanism for 
» folding the web about the cross perforations. 

28. An electrostatic printing press as defined in any of claims 1-12 including 

cleaning means located beyond said means for transferring and ahead of said charging means in the 
direction of movement of said cylinder and operating to remove from said cylinder surface all toner particles 
not transferred to the print receiving material. 
) 29. An electrostatic printing press as defined in any of claims 1-12 wherein 

Z^eX v Z m *? al is a continuous web and means for drivin9 and 9Uidin9 the web ma,erial alon 9 

a web infeed control for maintaining controlled tension in the web material. 

30. A web printing press as defined in claim 29, including 

wntroTed tenSor 8 ' nClUdin9 * ^ C ° ntr0 ' ** SUPP ' yin9 V3ri0US tyP6S °' Web material under 

puncWng 9 m8anS Perf ° rminQ at ,e3St ° ne conversion operation on a web, such as perforating or 

means for guiding and moving a web along a processing path from said supply means to said delivery 

means through said processing means, 

delivery means for gathering the printed and processed web. 

31 . A press as defined in claim 29, including 

means guiding the web into contact with said cylinder surface at a transfer region past said developing 
means, 

means for applying a substantial transferring potential to said web to attract the toner particles forming the 
developed image onto the web, and y 

said voltage level adjustment means also acting to adjust the transferring potential applied to the web in 
direct relation to press operating speed. 

32. A press as defined in claim 29, including 

»SnT T e '' mg r °" interactin 9 with said surfa <^ between said developing means and the transfer 

region to reduce the amount of liquid carried on said surface to the web, 

means for applying a bias potential to said metering roll, and 

said voltage level adjustment means also acting to adjust the potential applied to said metering roll in direct 
relation to press speed. 8 

33. A press as defined in any of claims 9-14, including 

said encoder means generating latch pulses corresponding to the peripheral velocity of said cylinder at a 
rate at least equal to the number of pixel areas around said surface and 

means for supplying refreshed imaging data to all said driving circuits between successive latch pulses 

34. A press as defined in claim 33, including 

7Z*> L°n TT 9 . th ! ' atCh PU,S6S 10 S3id COntr °' CirCuits of said drivin 9 circuits . t0 coordinate the driving 
or the LEDs to the latch pulse rate. 

35. A press as defined in claim 34, including 

means for generating a fixed number of timebase pulses between latch pulses and 

means for actuating said driving circuits during certain of said timebase pulses centered about the mid-point 
between latch pulses, whereby the on-time of the LEDs is centered within the pixel areas 

36. The method of printing images on a moving web directly from digital image data, comprising the steps 

a) providing a refreshable receptor area on a drum surface and guiding a web into position for transfer of 
images developed on the receptor area successively onto the web. 

b) transporting the web and rotating the drum in synchronism, 

c) storing digitized basic image data into a first memory, 

d) storing digitized variable image data into a second memory, 

e) reading the stored image data simultaneously and synchronously into registers, 
then during each drum revolution 

f) creating a developed image on the receptor area during each drum revolution using the combined 
image data in the registers, 

g) transferring the developed image to the web, 

h) preparing the receptor area for the creation of a new image. 
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58. The method of claim 36, wherein the receptor area is a photoreceptor surface, further comprising 
step (f) including the consecutive steps of f-1) electrostatically charging the photoreceptor, 
f-2) exposing a band of pixel areas across the surface to individual beams of light to discharge such pixel 
areas leaving a latent electrostatic image, 

f-3) applying developer to the latent image to create a developed image with toner particles from the 
developer; 

step (h) including removal of all residual toner particles from the photoreceptor surface prior to repeatino 
step(M). 

38. The method of claim 37, wherein an array of closely packed LEDs is supported adjacent the 
photoreceptor surface and extending lengthwise of the drum so the surface continually passes the array, 
further comprising 

step (f-2) including driving selected ones of the LEDs in the array according to the image data supplied to 
the registers for consecutive lines of pixel areas to be exposed, 

generating latch pulses synchronized to the drum rotation and each identifying the beginning of a line of 
pixel areas, whereby latch pulse rate will vary with speed change of the drum and web, 
and applying the image data in the registers to LED drivers under control of the latch pulses, whereby LED 
driving is synchronized to drum and web speed. 

39. A method for printing a succession of images on a web of print receiving material including 

a) driving a web between a web supply station and a web delivery station along a predetermined printing 
path at adjustable speeds; 

b) providing a refreshable photoreceptor surface on a drum and guiding the web into position for transfer 
of images developed on the photoreceptor surface successively onto the web, and rotating the drum in 
synchronism with the web speed; 

then during successive revolutions of the drum 

c) creating a uniform electrostatic charge on the surface; 

d) exposing predetermined pixel areas of the charged surface to individual closely spaced light beams 
along bands extending transversely of such surface with an array of light beam generators, such as 
closely packed LEDs, to cause selective reduction of the surface charge at such pixel areas in digital 
fashion, thereby forming line-by-line an electrostatic latent image on the photoreceptor surface; 

e) providing register circuits for holding digital imaging data for a line of pixel areas, 

f) generating a string of latch pulses per each drum revolution to identify the circumferential location of 
lines of pixel areas across the photoreceptor surface and selectively switching on/off the individual light 
beam generators of the array during step (d) at a rate dependent upon the drum velocity and according 
to data held in the register circuits, 

g) applying a developer including toner particles to the latent image; 

h) transferring developed images from the photoreceptor surface to the web; 

i) fusing all transferred toner particles to the web; and 

j) cleaning the photoreceptor surface of all residual toner particles after step (h). 

40. The method of claim 39, further comprising 

k) providing a data interface unit including a memory for holding digital information for a complete image, 
I) transferring image information from the data interlace unit to the register circuits on a line-by-line basis 
and at a rate sufficient to refresh ail register circuits between successive latch pulses. 

41. The method of claim 39, wherein the data interface unit includes a first memory for basic image data 
and a second memory for variable image data, 

step (I) including reading image data simultaneously from both memories and merging the data into 
composite image data which is transferred to the register circuits. 

42. The method of claim 41, further including 

m) after step (i) moving the web through a processing apparatus driven in synchronism with the web, 
n) producing a registration signal corresponding to the position of rotary element of the processing 
apparatus while such element is repeatedly working on the web; and 

o) using the registration signal to identify the initiation of latch pulses and thereby registering the edge of 
the repetitively produced images to the action of the processing element on the web. 

43. The method of claim 42, wherein 

the processing element is a cross perforator which forms transverse perforations across the web at spaced 
intervals, and the registration signal corresponds to when the cross perforator is in contact with the web. 
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© A press, and a process of printing a combination 
of fixed and variable data on such press, is dis- 
closed wherein printed images being manufactured 
are created by direct digital driving of an imaging 
device at normal press speed, optionally followed by 
one or more processing operations in the case of 
business forms or the like, as required for a particu- 
lar job. The content or arrangement of printed im- 
ages can be changed without stopping the press. 
The press and process use one or more unique 
electrostatic printing engines (PE1, PE2) having di- 
rect digital imaging on a photoreceptor surface 51 of 
a drum 50 which can create latent electrostatic im- 
ages at normal press speeds, and can accommodate 
substantial speed variations. An electronic imaging 
system is provided in which base image data and 
variable image data can be combined electronically 
to drive a single exposure system 70 in a printing 
engine. Repetitive latent images are formed and 



developed using a high resolution liquid toner, and 
the resultant visible image is transferred and fixed to 
a wide variety of materials, preferably in a continu- 
ous web W. The photoreceptor surface 51 is cleaned 
and thoroughly dried each revolution so as not to 
interfere with the next charging of the drum. With 
this imaging system and printing engine, makeready 
time between successive printing jobs can be signifi- 
cantly reduced. The press also has a fuser/dryer 23 
in which the developer carrier liquid is vaporized 
from the drum and treated through a catalytic con- 
verter to control emissions from the press. Heat from 
catalytic treatment of the volatile carrier liquid is 
utilized as a heat source for air used in fuser/dryer 
23, thus providing a recuperative system. 
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